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Lead 
is an Ambitious metal 


HEN you stop to think about it, 

this metal, lead, is an astonishing 
element. It isn’t satisfied with taking an 
essential part in practically every in- 
dustry, or with protecting buildings 
against deterioration, or with any num- 
ber of other jobs of major importance. 
Lead has one ambition in life—to make 
itself useful to everybody—and it has 
succeeded admirably. 

In glass, for instance. Ordinary glass 
is all right for windows and that sort 
of thing. But it hasn’t much refractive 
power. Scientific and industrial re- 
search could not 
make much progress 
if instrument lenses 
were made of ordi- 
nary glass. Some 
method is needed to 
increase refractive 
power. 

Up steps lead, in 
the form of red lead 
or, sometimes, lith- 
arge. Lead, fused with L) 
the other ingredients, A 
gives a glass of clear 
homogeneous struc- 
ture witha very high 
power of refraction. 
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For some purposes, lead content in glass 
is as high as 75%. 

With his lenses made of lead glass 
the scientist can enquire more minutely 
into the processes of life. Industry learns 
more about its products, its production 
methods, and measures its tools with 
infinite exactness. 

With lead glass lenses in his eye- 
glasses the man whose eyes are misbe- 
having sees as well as anybody. 

And the sparkling crystal brilliance 
of cut glass on the tables of particular 
hostesses is a pleasing,every-day evidence 
of the service lead 
performs in glass. 

Amazing,the vari- 
eties of uses for lead. 
But the productive 
research of the Eagle- 
Picher institution is 
constantly on the 
watch for new uses 
for lead in all its use- 
ful forms. Tomorrow, 
when industry's de- 
veloping processes 
require new services 
from lead, Eagle- 
Picher will be ready 
to supply the need. 
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‘The SUPERHEATER 


with the exten 





Superheat Profitable 
WITH 


Fuel at *1.00 per ton 


The 6250 kva. plant of the Mountain States Power 
Co. at Coos Bay, Oregon burns refuse wood from 
the large lumber mills which it supplies with power. 


The only cost of this fuel is that of conveying it 
from the mills to the boilers, and amounts to less 
than one dollar per ton. 


Even with such cheap fuel, the Byllesby Engineer- 
ing and Management Corporation, who designed 
and built the plant, knew that Foster Superheaters 
would be a wise investment—to improve boiler and 
turbine operation, reduce’ shut downs, and decrease 
plant maintenance expense. 


The Coos Bay plant, operating on cheap fuel—and 
eleven thousand other installations, operating on 
more expensive fuel—have found Foster Super- 
heaters a profitable investment. 


POWER SPECIALTY COMPANY 


Foster Superheaters, Economizers, Air-cooled 
Furnaces, Oil Heaters, and Aero Unit 
Ceal Pulverizer 


111 Broadway, New York 


Boston, Philadelphia, Pittsburgh, Cleveland, Detroit, 
Chicago, Milwaukee, Kansas City, Denver, 
Dallas, Los Angeles, San Francisco, London, Eng. 
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—another reason 


MANUFACTURERS OF PAVERS, 


a important to the resultant strength 
and durability of concrete is the admittance 
of an accurate amount of water into the mixing 
drum at exactly the right instant. Long ago the 
Koehring Company recognized this fundamental 
requirement and set to work to devise an au 
tomatic water measuring system. 


Today, the system is as nearly exact and accurate 
as human ingenuity has been able to design. A 
balanced three-way valve is automatically open- 
ed at a certain point, by the charging skip as it is 
raised, admitting the water into the mixing drum 
at exactly the right instant. The regulating 
hand wheel governs to a minute accuracy the 
amount of water.which is to be used per batch. 


All dribble is eliminated by the syphon-gravity principle 
which draws the water through a straight 314 inch 
pipe into the mixing drum. Straight flow from the tank 
to drum secures a fast, clean discharge. 


This is another pioneering development by Koehring 
engineers which with the Koehring batch meter, Koeh- 
ring boom and bucket, and Koehring five action re- 
mixing principle produces standardized, dominant 
strength concrete of unvarying uniformity. 
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why Koehring Pavers Produce 
Dominant Strength Concrete 


























AandB illustrate clearly why changes of grade do not 
materially affect the accuracy of water measuring when 
using the Koehring system. X represents the volu- 
metric center of the tank and Y the measuring arm. 


“Concrete—Its Manufacture and 
Use” is a 210 page treatise on the 
uses of concrete, including 26 pages 
of tables of quantities of materials 
required in concrete paving work. 
To engineering students, faculty 
members and others interested we 


shall gladly send a copy on request. 


WISCONSIN 


KOEHRING COMPANY 
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MIXERS—GASOLINE SHOVELS, CRANES AND DRAGLINES 
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Evolution of the 
Ditch-Digger 


Some years ago, when little boys used to yéll 
“Get a horse”’ at the hesitant and asthmatic 
vehicle which was the ancestor of the modern 
automobile, the term ditch-digger identified 
the man who had to perform the hardest labor 
imaginable. Squads of these workmen would 
be in the street with their crowbars and 
hammers, and there was always the sound of 
metal ringing on metal as the ponderous ham- 
mers descended. The passers-by would wonder 
that no hand was crushed in the process. 


That was before the development of the 
Paving Breaker. Work that fifteen men took 
a day to perform is now accomplished by ore 
man. Compressed Air has supplanted the 
uncertain human muscle, and the ditch-digger 
is no longer the man but the machine. 


In this instance, as in a hundred others, 
Pt FOS Ingersoll-Rand Company hasenlisted the aid of 
Di ee. Compressed Air in the elimination of wasted 
Oy tll time and effort. 


| | The pneumatic Paving Breaker IN GERSOLL-RAND COMPAN Y 
Reson does the work of 15 hand laborers. 1 1 Broadway - New York City 
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‘The largest producer of electric 
furnace steel is a bearing maker 
—Timken. Timken produces elec- 
tric steel for 132,000 Timken 
Tapered Roller Bearings daily. 


A total of 160,000,000 Timken 
Tapered Roller Bearings have 
been applied throughout Transpor- 
tation, Agriculture, Mining and 
Industry in general. 


Timkens are universally favored 
because they are more than anti- 
friction bearings. In addition to 
being practically frictionless, they 
also invariably increase endurance, 
precision, rate of output, load ca- 
pacity, and shrust capacity. 


Timken laboratories, Timken 
engineers, Timken metallurgists — 
Timken resources—have produced 
the special features of Timken 
design which make these bearings 
a chief element of industrial eco- 
nomics today. Engineering, in 
every classification, is bound to be 
more and more concerned with 
Timken Tapered Roller Bearings. 


THE TIMKEN ROLLER BEARING CO. 
Cae eee ee PSE Fg 


The Timken Engineering Journal consists of 110 pages 
of engineering material, including bearing tables, 
recommendations for bearing applications and 
other authentic, informative material. Copies are 
available for faculty members requesting them. 
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The Edison Electric 
Illuminating Company 
of Boston. 


LONG BEACH, 
STATION NO. 2 
Southern California 
Edison Company. 
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Now doubling the power for both clients. 
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The Engineer in Export Business 


A brief but interesting paper on an unusual phase of graduate activity 


ADE IN THE U.S. A.—These 

words and scores of familiar 

trade marks greet the American 
traveller in all parts of the world— 
convincing evidence that even the 
broad expanse of the United States 
is not sufficient to confine the activi- 
ties of our restless industry. Ameri- 
can motor cars make the Oriental 
coolie jump for his life as they do the 
natives of Broadway or the Loop. 
Whether the highway is a trail 
through tropical jungles, an open 
reach across the African desert, or 
the gay Champs-Elysées, these ubiqui- 
tous.vehicles are always to the fore. 
American electrical machinery lights 
cities in remote corners of China or 
Brazil, while rails and locomotives 
from our smoky steel centers bring 
these remote towns into touch with 
the outside world. The American 
typewriter makes itself heard even in 


the Government offices of a great 
European industrial nation. “Kodak” 
is without doubt one of the most 


widely understood words of any lan- 
guage. 
Back in earlier days our .clipper 
ships cruised to all corners ‘of the 
globe, returning with cargoes of 
spices, silks, and manufactured goods 
for the consumption of a _ growing 
young country. Then these renowned 
sailors disappeared from the high seas 
and for over fifty years we attended 
closely to home affairs, which resulted 
in the development of a new com- 
mercial and financial giant among 
nations. Now, we find ourselves 
reaching out beyond the home borders 
again, this time with our own manu- 
factured goods to sell. The Stars and 
Stripes have once more appeared 


on the high seas, carried by squadrons 
of modern steel freighters and luxuri- 





By Ausrey P. Ames, 719 
China Department, Standard Oil Company 
of New York 


ous passenger liners, so that we are 
prepared to support our foreign sales 
activities with our own delivery 
organization. 

Where does the engineer fit into this 
comparatively new game of export 
trade? 

The recent establishment of a new 
course in Ship Operation at M. I. T. 
marks a long forward stride toward 
putting engineers into the delivery end 
of foreign trade. Rapid expansion of 
our merchant marine since the World 
War has made it necessary for ship 
operators to build their personnel 
largely from untrained and inexperi- 
enced material. Numerous and ex- 
pensive mistakes have been made, in 
both engineering and commercial 
phases of operation. Great progress 
has been made but there is room for 
more, and shipping operators are cer- 
tain to look with favor upon the new 
M. I. T. course which promises a 
supply of men trained to fill positions 
in this young and growing branch of 
American commerce. 

In general our foreign sales organi- 
zations have been built up in the same 
haphazard manner as those of the 


shipping concerns. Since men_ with 
training and experience in foreign 
marketing were practically unavail- 


able, it was necessary to take the best 
material to be had and build from 
the ground up. However, the star 
salesman who is selected because of 
an excellent record in domestic mar- 
kets may or may not prove to be a 
success when put on his own resources 
in a strange land. Likewise, the 
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technical expert who has ready solu- 
tions for home territory problems may 
find it extremely difficult to get out 
of his well-worn groove and cope 
with new situations which export 
trade produces in great variety. Un- 
der this trial-and-error system the 
more adaptable eventually qualify, 
while the others drop out and return 
to their old ruts. At best, it is a slow 
and expensive method of building up 
an export sales organization. 


Broadly Trained Men Sought 


Among the more progressive export 
firms there is an ever increasing 
tendency toward the selection of uni- 
versity and engineering school grad- 
uates for positions on foreign staff. 
It has become quite generally recog- 
nized that such men are not only well 
equipped as to all-around educa- 
tion, but have to a Giniidaeeble de- 
gree the mental and social adaptability 
so highly important in dealing with 
foreign peoples. Having these primary 
qualifications, the “hand picked” man 
is able to round out his required 
special training and experience with a 
minimum of lost time and expensive 
mistakes. 

The obvious line of endeavor for 
an engineer going into foreign trade 
is that of machinery and allied prod- 
ucts. Exporters of these products 
have hardly made a beginning in the 
survey of prospective markets and 
the adaption of their lines to the spe- 
cial requirements of each market. 
There is also great need of develop- 
ment in follow-up service, by means 
of which the foreign buyer is properly 
instructed in the use and maintenance 
of his purchase. Success or failure 
of engineering products in foreign 

(Continued on page 248) 
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X-ray diffraction pattern of powdered sample showing comparison of standard pyrite (above) with sample of supposed marcasite (below). The 
comparison indicates the sample to have been really pyrite, in spite of its external form 


X-Ray Spectroscopy 


The second article of the series explaining the use of the x-radiation 


HERE are a great many meth- 

ods in use at the present time 

by means of which the presence 
of a substance may be indicated or its 
nature identified. All of these meth- 
ods depend upon the development of 
some observable property of the sub- 
stance which will be definitely char- 
acteristic of that substance alone. 
The success of the method depends 
upon how completely the particular 
property is characteristic and how 
readily it may be developed to an ob- 
servable degree. It is the purpose of 
this paper to describe some of the 
ways in which X-rays may be used in 


in 1den tifying substances 


By Joun T. Norton, 718 


Assistant Professor of Physics, 
Massachusetts Institute of Technology 


this direction, and to indicate the sort 
of problem to the solution of which 
these methods may be applied. 

The methods to be described are 
essentially spectroscopic ones, that 1s, 
they employ the apparatus and tech- 
nique of X-ray spectroscopy so that 
they are in many respects laboratory 
methods, but they are quite capable 
of development along lines of routine 
procedure so that they may be useful 
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FIG. 1 


X-Ray spectrograph showing the system of slits; the oscillating holder for the crystal, 
and the curve of cassette for the film 
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to the research worker in the indus- 
trial research laboratory as well as the 
worker in the fields of pure science. 
There are three classes of properties 
which are useful for purposes of in- 
vestigation and these are the char- 
acteristic emission spectra, the char- 
acteristic absorption spectra, and the 
diffraction spectra. ‘The emission and 
absorption spectra are essentially 
atomic properties and do not depend 
upon the way the atoms are put to- 
gether so that the indications of these 
methods of identification will be inde- 
pendent of the physical or chemical 
state of the substance. The phe- 
nomena of the diffraction spectra are 
dependent entirely upon the way in 
which atoms are arranged with respect 
to one another. This arrangement 
is characteristic in the case of the vari- 
ous types of crystals and is very useful 
in the study of this important class 
of atomic aggregates. 

When the atoms of a substance are 
bombarded by a stream of electrons 
or cathode rays, the atoms are caused 
to emit X-rays of certain definite 
wavelengths. It has been predicted by 
theory and proven by experiment 
that the wavelengths of these rays are 
definitely characteristic of the atoms 
being bombarded, and that the wave- 
lengths change in a regular and simple 
fashion as we pass from one element 
to another. Thus, if there is a device 
for resolving the beam from such a 
target into its various component 
wavelengths and for measuring the 
wavelengths themselves either directly 
or by comparison with a standard, 
the atoms of the target material may 
be identified. Such a device is the 
X-ray spectrograph, and a_ simple 
form of this instrument of the writer’s 


design is shown in Figure 1. It con- 
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FIG. 3. 


X-RAY SPECTROMETER 


This instrument is capable of measuring the angles of X-ray reflection with a high 
degree of precision 


sists of three essential parts, the slit 
system which defines the X-ray beam 
coming from the substance to be ex- 
amined, the rotating crystal which is 
used to separate the various wave- 


lengths, and the photographic film 
upon which these wavelengths are 
recorded. The cleavage face of a 


crystal such as rock salt or calcite will 
reflect X-rays, but each wavelength 
at a different angle so that by a 
measurement of the angle of reflection, 
the wavelength may be calculated. 
The characteristic radiation consists 
of a few discrete wavelengths, and if 
the radiation falls upon a very slowly 
turning crystal, each will be reflected 
in turn, and a photographic film bent 
around the arc of a circle about the 
crystal will record these wavelengths 
as a series of bright narrow lines. 
Some other element on the target sur- 
face would give similar lines in a 
slightly different position, and if both 
were present, both sets of lines would 
appear. For purposes of identifica- 
tion, the spectral film of the unknown 
is compared with similar films of 
known substances until all the lines 
have been accounted for. It is neces- 


sary, in order that the determination 
shall be complete, that all of the 
lines are accounted for because there 
is, of course, a reason for the appear- 
ance of every line. 


Figure 2 shows 


the appearance of some of the more 
prominent lines from the element 
molybdenum, as obtained with the ap- 
paratus of Figure 1. In cases where 
it is desired to measure the wave- 
lengths more accurately than is pos- 
sible with the simple spectrograph, a 
more elaborate instrument is em- 
ployed. Such an instrument, which 
is in use in the author’s laboratory, is 
shown in Figure 3, and is capable of 
quite high precision. For most work 
of identification, however, the  ac- 
curacy of the simple spectrograph 
suffices. 

In order to examine a material by 
this method, it is necessary to place. it 
on the target of the X-ray tube. 
Because of the intense heating caused 
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by the electron bombardment, the 
material must have a rather high 
melting point, and should not be vola- 
tile so as to impair the vacuum of the 
tube. Substances of this sort are the 
metals, oxides, silicates, carbides, etc. 
The X-ray tube is best made with a 
removable target, and if a metal is to 
be examined, it may be in the form 
of a sheet soldered to the surface. 
In the case of a powder, the target 
surface, usually copper, is roughened 
and the powder rubbed thoroughly 
into it. In all cases the target should 
be carefully water-cooled. 

One of the chief disadvantages of 
the method is that it excludes a lot 
of materials which cannot be used 
inside the evacuated tube. ‘This dis- 
advantage has largely been eliminated 
by the development of a tube which 
will produce high speed cathode rays 
outside of the tube. This is the work 
of Dr. W. D. Coolidge, M. I. T. 796, 
who is well-known because of his 
development of the X-ray tube which 
is now used almost universally. With 
this new device, any material, be it 
a gas, liquid or solid, may be mounted 
in the path of the rays emerging from 
the thin metal window of the cathode 
ray tube, and the characteristic X-rays 
which result may be studied as before 
with the spectrograph. This is a very 
important development and has been 
brought about only within the last 
year. 

The absorption of X-rays by a body 
is an atomic phenomenon, and is ex- 
plainable in a quite simple manner by 
our modern ideas of atomic structure. 
If we investigate the variation of the 
absorption as the wavelength is 
changed, it is found that at certain 


wavelengths the amount of the ab- 
sorption undergoes a very sudden 
change. The wavelength of this 
change is characteristic of the ab- 


sorbing element, and may be used to 
identify it. ‘This wavelength is meas- 


(Continued on page 238) 





FIG. 2 


X-ray spectrum of molybdenum showing the 


“k-series” lines and the absorption 


edges of silver ruthenium and bromine 
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A description of the second largest single hydroelectric installation 


HE hydroelectric project now 
under construction on the Sus- 
quehanna River near Conowingo, 
Maryland, by The Philadelphia Elec- 
tric Company, through its subsidiary 
Philadelphia Electric Power Company, 
and the latter’s Maryland subsidiary, 
The Susquehanna Power Company, 
will be the largest single hydroelectric 
installation in the United States with 
the exception of that at Niagara Falls. 
The dam and power house will be 
located in the State of Maryland 
about 4 miles above tidewater, and 
the upstream half of the reservoir will 
be in Pennsylvania. Before construc- 
tion could be started it was therefore 
necessary to obtain the joint approval 
of the Public Service Commissions of 
Maryland and Pennsylvania, and as 
the Susquehanna River has been de- 
clared a navigable river by the War 
Department, a license from the Federal 
Power Commission was also required. 
The station will have an initial in- 
stalled capacity of 378,000 h.p. and 
an ultimate capacity of about 600,000 
h. p. The initial output at Conowingo 
is estimated to be about 1,380,000,000 
kw-hr. in an average year. The elec- 
tric energy will be generated at 13,800 
volts and transformed to 220,000 volts 
at the power station for transmission 
to Philadelphia, about 70 miles away. 
The dam, of which the power sta- 
tion headworks will form the westerly 
part, will be of concrete of the grav- 
ity type, founded on bedrock at an 
average elevation about 15 ft. above 
sea level. The dam will have an 
overall length of about 4800 ft. with 
a non-overflow section about 1200 ft. 
long at the east end and one about 
275 ft. long at the west end, a power 
station 950 ft. long at the west shore, 


in the United States 


By G. R. STRANDBERG 
Assistant to the Chief Hydraulic Engineer, 
Stone and Webster, Inc. 


and a gate controlled spillway section 
2385 ft. long across the bed of the 
river. To prevent upward pressure 
under the dam foundation, grout holes 
about 30 ft. deep are being provided 
on 10-ft. centers near the upstream 
face. A continuous drain, located 
about 10 ft. from the upstream face, 
is being installed along the foundation 
under the entire length of the dam to 
carry away seepage from the founda- 
tions. This drain is connected to 
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transverse drains leading to the down- 
stream face every 45 ft. Contraction 
joints in the dam are sealed with cop- 
per sheets, bent Z shape. 

The normal and maximum pond 
level above the dam will be main- 
tained at Elev. 108.5 ft. which level 
was fixed by agreement with the 
Pennsylvania Water & Power Com- 
pany. At this elevation the water 
will be backed up somewhat over an 
undeveloped portion of the tailrace of 
the latter company’s Holtwood plant. 

The reservoir will also flood out the 
present Conowingo bridge on the 
main Philadelphia-Baltimore highway 


THE CONSTRUCTION WORK IN PROGRESS 
View of part of the work, showing the method of handling the concrete by traveling 
towers on the construction trestle 
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as well as several miles of the tracks 
of the Columbia & Port Deposit 
3ranch of The Pennsylvania Railroad. 
The Conowingo bridge is being re- 
placed by a new concrete bridge, com- 
bined with and supported by the dam. 
Several miles of new approach road 
will also be constructed to connect the 
new bridge with the main highway. 
To replace the flooded tracks of the 
Pennsylvania Railroad 17 miles of 
new railroad is being constructed from 
Port Deposit to Fishing Creek. 

The spillway section of the dam is 
of the conventional ogee type, having 
a parabolic crest and a circular curved 
section as.it approaches the apron. It 
is designed to pass a flood of 880,000 
c.f.s. including the flow through the 
seven units, and will have a fixed 
crest at Elev. 86.0 ft. The flood flows 
over the spillway will be controlled 
by fifty structural steel crest gates and 
three regulating gates. The crest 
gates will be of the stoney type, each 
22 1/2 ft. high and 40 ft. span and 
weighing about 42 tons. The crest 
gates and regulating gates will be 
made tight at the sides by means of 
vertical rubber covered staunching 
rods. The bottom seal will be made 
by contact between a timber bottom 
member and a steel beam sill in the 
concrete. Each regulating gate will 
be 10 ft. high with a 40 ft. span, and 
of the roller type. One service gate, 
the same size as the crest gates, will 
be provided for inspection and repairs 
to the crest gates, slots for this gate 
being provided in the piers just up- 
stream from the main gates. 

Three electrically operated traveling 
gantry cranes, each equipped with 
two 30-ton main hoists, mounted on 
a single trolley and operated by the 
same motor, will be used to operate 
the crest and regulating gates as well 
as trash racks and sectional head 
gates at the intake. These gantry 
cranes will have a hoisting speed of 
10 ft. per minute and a travel speed 
of 300 ft. per minute. They will be 
Operated on a runway provided on the 
top of the dam and over the intake 
section of the power station. A gaso- 
line engine driven generator will be 
installed on one crane for emergency 
use, 

To handle the crest gates the 
cranes will be equipped with special 
lifting beams. As these lifting beams 
are never submerged, each one will be 
arranged for an operator to ride on it 
and operate the locking device which 
attaches it to the gates. When the 


gates are raised to their open position 
they will be held in place by means 
of pawls engaging suitable stops on 
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THE COMPLETED STATION 


A cross-sectional view of the station and dam as it will look when finished 


the ends of the gates, thus permitting 
the crane to be moved to another 
gate. A special lifting beam will also 
be provided for handling the sectional 
head gates and trash racks. 

The general layout of the power 
station was determined upon after 
careful study of the many require- 
ments for an economical station. The 
distance center to center of the units 
was determined by the length of sta- 
tion required for the electrical bay 
and for the switching structure and 
outgoing transmission lines on the 
roof as well as by the design of the 
scroll cases and the intake areas for 
the water wheel units. 

There will be seven main units and 
two small station service units in the 
initial power station installation. Pro- 
vision is also being made for exten- 
sion to the power station for four 
additional main units. 

The intake structures had to be de- 
signed to give an economical entrance 
for the water as well as to give pro- 
tection from ice in winter. The most 
economical form of protection from 
ice was determined to be a curtain 
wall extending to a depth of 40 ft. be- 
low the normal pond surface and 
located at the upstream face of the 
intake. 

The entrance to the waterways of 
the turbines will be located at the 
bottom of the reservoir and each 





waterway will be divided into two 
parts for a distance of about 50 ft. 
downstream from the entrance, where 
the two parts will be merged into one. 

In each intake opening and a suf- 
ficient distance behind the ice protec- 
tion wall to permit the operation of a 
mechanical rack rake, will be located 
a set of trash racks, made up in panels 
of convenient size for handling, and 
installed .in guides in the concrete. 
The lower panels will be equipped 
with round edge flat steel bars spaced 
6 in. center to center for the main units 
and 2 in. center to center for the sta- 
tion service units. The upper panels, 
which will be located behind the cur- 
tain wall and therefore will be of little 
use in providing actual waterway area, 
will be faced with treated timber to 
decrease the adherence of ice to the 
racks at the water surface and also to 
reduce the cost of the panels. 

The rack sections have been de- 
signed for an unbalanced head of 10 
ft. over their entire area, under which 
condition the maximum stress in the 
steel will not exceed the elastic limit. 

Downstream from the racks and 
adjacent to the entrance to the main 
waterways of the turbines, will be lo- 
cated guides for sectional head. gates 
which will be made of structural steel 
in panels of such a size that six of 

(Continued on page 236) 
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Hydro-Electric Stations 





A study of types of electrical layouts for hydro-electric stations 


The electrical layout of an electrical 


generating station determines the 


relative location of the power control 
equipment in the plan of electrical 
connections. It is of great importance 
since it determines the operating flex- 
ibility under normal and transient 
conditions and the continuity of 
service which may be expected from 
a given station. 

In the study of the plan of the 
electrical layout for a particular sta- 
tion it must be recognized that an in- 
dividual station cannot be considered 
by itself in determining the type of 


layout warranted. Other factors such 
as the character of the load served, the 
location and distribution of the load 
relative to the station and the relation 
of the station to the remainder of the 
system to which it is connected must 
also be considered. 

The types of switching equipment 
which are available for performing 
switching operations are plain discon- 
necting switches, air-brake disconnect- 
ing switches and oil circuit breakers. 
[he application of the plain discon- 
necting switch is limited to the isola- 
tion of apparatus for cleaning and 
repair work. A more distinguishing 
and appropriate term for such switches 
would be isolating instead of discon- 
necting. The air break disconnecting 
switches find their application primar- 
ily in high tension circuits where it is 
desirable to carry on switching opera- 
tions with greater rapidity than is 
possible with plain disconnecting 
switches and where it is desirable to 
eliminate the high cost of high poten- 
tial oil circuit breakers. These 
switches may be either manually or 
electrically operated and have a small 
rupturing capacity as may be required 
for the magnetizing current of trans- 
formers, charging current of short 
transmission lines and light load cur- 
rents. Oil circuit breakers have their 


By Jay Baxspaucu, ’24 
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application where it may be necessary 
to rupture large currents, to permit 
switching operations under load, to 
facilitate switching operations and 
where automatic features are desired. 

In determining the layout which is 
applicable to a particular station it is 
necessary that the following factors be 
considered. 

1. Degree of continuity of service. 

2. Parallel operation of generators. 
3. Flexibility in performing switch- 
ing Operations. 

4. Limitations of damage resulting 
from failures or incorrect operation. 

5. Stability under transient dis- 
turbances and operating conditions. 

6. Simplicity in physical layout of 
equipment. 

7. Safety of operators. 

8. Facilities for cleaning and repair 
work. 

9. Relation to remainder of sys- 
tem. 

The degree of continuity of service 
should be commensurate with the 
type of load served and the import- 
ance of the station with respect to the 
remaining generating system. If the 
station in question represents an un- 
important part of a large system and 
if the station can be shut down for a 
relatively short time without mate- 
rially effecting the remaining stations 
then an inexpensive plan of “switching 
layout could be used. However, if a 
base load station is considered the in- 
vestment involved in obtaining every 
assurance against an interruption of 
service would be justifiable. While 
the difference in initial cost between a 
simple plan of electrical layout and 
an extensive plan is very great, still 
the relative portion of this cost to the 
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total station cost is quite small. Also 
while the cost of an oil circuit breaker 
is a relatively large item, its cost in 
proportion to the generator, trans- 
former or transmission lines which it 
protects is quite small. Consequently 
it could be considered sound engineer- 
ing to jeopardize the operation of such 
equipment for a small saving in 
switching layout. 

It is in general necessary to provide 
for parallel operation in an electric 
generating station in order to make 
possible the economies resulting from 
large scale production and also to 
more stabilize the power. However 
parallel operation also presents diffi- 
culties in that it increases the short 
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FIG. 3 


circuit current which may be fed into 
a failure, thereby increasing the 
thermal and magnetic stresses’ on the 
equipment and requiring larger rup- 
turing capacity breakers. Also par- 
allel operations will make the effect of 
a failure felt over a greater portion of 
the system. In order to protect the 
apparatus against very heavy short 
circuit currents and to protect the 
service by maintaining voltage it 1s 
usually necessary to install external 
reactance in large systems. This re- 
actance may be located in the genera- 
tor leads, busbars or feeders. The 
application of reactance is_ usually 
limited to the low potential circuits 
since it is in the low potential circuit 
that the larger currents are present 
and due to the much greater cost of 
reactance for high potential circuits. 
Reactances are usually spoken of as 
“current limiting reactances,” although 
they may just as appropriately be 
termed “voltage maintaining react- 
ances.” That is, as a current limit- 
ing device their function is one of pro- 
tection of the equipment against short 
circuit stresses and as a voltage main- 
taining device the protection of service 
by maintaining the voltage on all 
feeders as high as possible. React- 
ance located at various places in a 
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system will have widely different effects 
on current limitation and _ voltage 
maintenance and it is necessary to 
make very thorough studies as to its 
relative effects and also its possible 
effect on the transfer of power under 
normal operating conditions. 

When the electric power is trans- 
mitted’ at voltages higher than it is 
considered economical or practical to 
wind the generators, the type of elec- 
trical layout will in general fall under 
one of three types determined, in gen- 
eral, as to whether there is to be a low 
or high tension paralleling bus or both. 
The three types are, 

1. Generator and 
switched as a unit. 

2. Generators, transformers and 
lines switched independently of each 
other. 

3. Transformer and line switched 
as a unit. 

Layouts exemplifying the above are 
given in Figs 1, 2 and 3. The condi- 
tion in which the generator and trans- 
former are switched as a unit has the 
advantage of eliminating a low ten- 
sion paralleling bus with its concomi- 
tant trouble of heavy short circuit 
current and the necessity for reactors. 
Also in this case it is possible to ener- 
gize a transformer by slowly building 
up the generator voltage, thus saving 
the necessity of switching a transform- 
er on the line at full voltage. It has 
the disadvantage that a failure or re- 
pair work on any transformer or gen- 
erator eliminates from service the cor- 
responding generator or transformer, 
and the capacities of the generators 
and transformers are the same. 

With a common low and high ten- 
sion bus, that is when generators, 
transformers and line may be switched 
independently, the advantages are 
that the respective ratings of any type 
of equipment need bear any relation 
to any other equipment, and all 
equipment is interchangeable with 
regard to its operation. The disad- 
vantage is that a greater amount of 
swiching equipment will be required 
than if either a low tension or high 
tension paralleling bus were used. 
However this greater amount of 
switching equipment giv es more oper- 
ating flexibility, which in many cases 
is Warranted, 

The elimination of the high tension 
paralleling bus has the advantage of 
reducing the number of high tension 
breakers required and permits the 
greater portion of the switching to be 
done at the low potential. Also the 


transformer 


switching surges on the high voltage 
side are reduced. The disadvantages 
are that with line and transformer 
operated as a unit a failure of either 
will remove from service the corre- 
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sponding unit and the capacities are 
necessarily the same. 

In general it may be said that 
elimination of a paralleling high ten- 
sion bus promotes a better electrical 
isolation of the apparatus. That is, a 
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FIG. 4 


failure on any line or transformer 
under this condition will have less 
effect on the operation of the system 
than with all outgoing lines paralleled. 
With all outgoing lines paralleled a 
failure external to the station will 
reduce the voltage on all lines very 
materially and thereby cause a dis- 
continuance of service on all lines. 
By tieing all high tension lines to- 
gether it is possible to use balanced 
protection for the lines thereby sim- 
plifying the relay protection and ob- 
taining better discrimination between 
lines and better selective operation of 
the relays under all operating condi- 
tions. It may also be pointed out 
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here that by far the greater number 
of failures occur external to generating 
stations or substations and _ conse- 
quently any plan that provides against 
external failures and simplifies switch- 














ing and control of the outgoing cir- 


cuits is of great importance. Electri- 
cal failures within the station are a 
possible contingency and must be pro- 
vided for as the effect of an internal 
failure are usually more severe and 
more widespread in its effect than 
external failures. 

The foregoing gives in general the 
factors which are of importance in 
making the electrical layout of a given 
station, it is now desirable that some 
layouts be studied. Fig. 1 shows a 
very simple form of station layout 
with very little switching equipment. 
In this case each generator is directly 
connected to its corresponding trans- 
former so that there is not any low 
tension switching equipment required. 
Aside from the fact that the genera- 
tors or transformers are not inter- 
changeable, a failure on the high ten- 
sion bus will cause a complete shut 
down of the plant. Also a failure or 
necessity for repair of any oil circuit 
breaker will require that circuit to be 
taken off the line. This layout finds 
its application for small plants where 
the investment must be held to a 
minimum at the sacrifice of mainte- 
nance of service and operating flexi- 
bility. 

The layout in Fig. 2 shows that the 
high tension lines are not rigidly con- 
nected to the high tension bus and 
therefore a transformer and a line can 
be operated as a unit in event of a 
failure on the high tension bus. It 
may be noted that the relation be- 
tween generator, transformer and 
line capacity need not béar any def- 
inite relation to one another. This 
layout represents better operating 
Hexibility and service continuity than 
Fig. 1. 

The layout in Fig. 3 shows a 
paralleling high and low tension but 
presents no greater assurance against 
a shut down than do either Figs. 1 or 
2. The layout in Fig. 4 shows double 
high and low tension buses and thus 
is safeguarded against a failure of any 
single bus. In this case the genera- 
tors can be operated directly connected 
to transformers without’ being par- 
alleled on the low tension bus, the low 
tension buses being regarded as a 
transfer bus for allowing any gener- 
ator to be operated with any trans- 
former. Parallel operation can be 
effected on either the low or high 
tension side as desired. This layout 
represents a maximum in assurance 
against shut down for a given expen- 
diture for switching material but it is 
not very flexible as regards switching 
under changing load _ conditions. 


That is, it is impossible to transfer 
loads by the disconnecting switches. 
(Continued on page 248) 




































































The Pictorial Section 


A description of the more important units of hydroelectric installations 


Within the past century a great 
change has taken place in_ the 
economic structure of society. This 
change may be ascribed to the ever 
increasing use of machinery and 
power. The waterfall and wheel was 
one of the first sources of power. 
Many of the New England mill towns 
grew on the banks of streams capable 
of producing power. 

Economists speak of cities on the 
fall line meaning cities near a source 
of water power. In spite of the im- 
portance of water power, the larzer 
part of our power is still produced 
from coal. Using a source such as 
Niagara Falls was out of the question 
until high tension transmission was 
developed. At the present time elec- 
trical energy can be trangmitted long 
distances under very htgh voltages 
and the trend is towards still higher 
voltage on the line. The whole ques- 
tion of power is one of great concern 
to all engineers as our present system 
is extremely inefficient. Coal is mined 
from a mine and transported to the 
place where power is wanted. This 
involves a deal of work and many 
people suggest the conversion of the 
latent heat of the coal to electrical 
energy at the mine. This is not very 
practical as a steam power plant must 
be near a large body of water to pro- 
vide for the condensers. In time. 
however, the coal will be carried to 
large central ‘stations close to the 
mines and accessible to water. These 
central stations will probably be co- 
ordinated with the hydroelectric devel- 
opments into a super-power system. 

With these facts in mind, it seems 
well to devote one of our pictorial sec- 
tions to a description of some of the 
equipment used in typical hydroelec- 
tric stations. 

Fig. 1 show a shop assembly of one 
of the turbines before shipment. 
These units are the highest powered 
hydraulic prime movers ever con- 
structed. The turbines are of the ver- 
tical shaft, single-runner type and are 
each designed to deliver 70,000 horse 
power when operating under the net 


effective head of 213.5 feet at the 25 
cycle speed of 107.1 R.P.M. The gen- 
erators are directly connected to the 
vertical turbine shafts. The turbine 
casings are of the volute type and 
built of cast steel with an intake 
diameter of 14’-0". The water enters 
the casing and is uniformly distributed 
around the outer periphery of the tur- 
bine runners. The water is discharged 
from the runners in a vertical direc- 
tion and is carried off to the tail race 
through concrete draft tubes. 
Referring to Fig. 1 it will be noticed 
that each turbine casing is made up 
of a number of sections having both 
transverse and _ longitudinal joints. 
Certain sections on the inner diameter 
of the volute contain stay vanes, de- 
signed to withstand the internal hy- 
drostatic pressure and to conform in 
shape with the direction of flow from 
the casing to the movable guide 
vanes. This type of construction is 
known as the “Taylor Sectionalized 
design.” Fig. 5 shows a turbine run- 
ner for one of these units. The run- 
ners are of cast steel and built with 
an overall diameter of approximately 
15-5”. Each runner weighs 112,000 
lbs. The runner is of the mixed flow 
Francis type cast in one piece. Fig. 
8 shows one of the Johnson penstock 
valves in use at this plant. The 
valves are hydraulically operated and 
may be opened or closed by exhaust- 
ing or admitting pressure to the small 
annular space surrounding the cylin- 
drical valve plunger. This type of 
valve is particularly desirable for hy- 
droelectric installations of this nature 
in view of the simplicity of operation, 
the tightness against leakage when 
closed and the cylindrical construction 
which permits of their use under ex- 
tremely high head conditions. Fig. 12 
is another volute casing for a 45,000 
H.P. turbine designed to operate un- 
der a head of 145 feet at 120 R.P.M. 
The section of the casing is reduced 
as the flow advances, giving the 
water a higher velocity. This is done 
to counteract the effects of friction 
and provide an equal velocity on all 
parts of the runner. Fig. 2 is a very 
299 
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interesting view of the auxiliary con- 
trol pumps at the La Gabelle project 
in Canada. These pumps are placed 
below the generator level and control 
the operation of the turbines. They 
are designed to keep the turbines run- 
ning at a constant speed regardless of 
the load. Fig. 11 is a view of the 
generator room in the new twin cities’ 
plant of the Ford Motor Co. This 
plant is located on the Mississippi 
River. It is of interest as one of the 
latest power plants employing both 
steam and hydraulic energy. Fig. 6 
shows an automatic hydroelectric sta- 
tion of the Otter Tail Power Co., Fer- 
gus Falls, Minn. This station auto- 
matically starts and stops itself de- 
pending on the load and the water 
supply. It is coming into extensive 
use in out of the way places where it 
would be difficult to maintain a large 
engineering force at all times. Fig. 4 
is a view of the older horizontal units 
in use at Niagara. Most of the newer 
developments use a vertical unit. Fig. 
7 is a typical installation and is of 
general interest. It shows the general 
layout of the generator with the ex- 
citer mounted on top of the generator 
and driven by the same shaft. This 
exciter provides direct current for the 
fields of the generator. 

Fig. 3 shows the unit installed in 
the new Baker River development. 
This is a horizontal unit. Fig. 10 
shows the draft tube of the Queens- 
town Chippewa development in Can- 
ada. The draft tube is built of con- 
crete and provides a base for mount- 
ing the generators and turbines. Fig. 
9 is a view of the penstock of a sim- 
ilar development. The penstocks are 
large steel pipes riveted at the joints 
and suitably calked. After the pipe 
is in place, it is buried in concrete 
which takes the strain off the pipe and 
prevents any motion. 

These few views give one a fair idea 
of the trend in hydroelectric develop- 
ments. It behooves us to see that 
further use is made of this potential 
source of power so as to conserve our 
fuel suppliés and secure cheaper power 
from our industries. 


Apam K. Srricxter, Jr., ’29. 
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PROFESSOR C. M. SPOFFORD 


CIVIL ENGINEERING 

The United States Bureau of Public 
Roads has recently decided to enter 
into an agreement with the Institute 
for experimental work to be conducted 
in the Laboratory of Soil Mechanics 
recently established by the Civil En- 
gineering Department, under the 
supervision of Dr. Charles Terzaghi, 


Associate Professor of Foundation 
Engineering. The purpose of this 


cooperation, as stated by the Chief of 
the Bureau, is to secure and develop 
facts and information which will de- 
fine the governing principles and 
advance the science of highway im- 
provement for the immediate practical 
application of the expenditure of the 
very large sums of public moneys now 
being made available for highway im- 
provement purposes. The immediate 
purpose of the agreement is to study 
the influence of accidental factors on 
the results of standard tests for sub- 
grade investigations and to investigate 
the possibility of improving testing 
methods. The Bureau is planning to 
provide a research assistant, who will 
be assigned to the work in the labora- 
tory, and to use from its regular forces 
such other assistants as may be nec- 
essary to coéperate with the Institute 
staff in supervising the conduct of in- 
vestigations, and also to furnish, at‘its 
own expense, such machinery, appara- 
tus and equipment as may _ be 
mutually agreed upon for use in these 
investigations. 

During the last summer, the depart- 
ment established a permanent base 
line, 2.2 kilometers in length, at Camp 
Technology, the length being deter- 
mined by Invar tape measurements to 
an accuracy (probable error) of one 
part in eleven hundred thousand. A 
Primary triangle of the United States 
Coast & Geodetic Survey in the 
vicinity of East Machias was con- 
nected to this base line by angular 
ucasurements made by the new Hil- 


Departmental Notes 


debrand theodolite recently acquired 
by the department, this instrument 
permitting the reading of angles to 
seconds and being the most precise 
type of instrument yet developed for 
the field measurement of angles. 
Repetition of the various angular 
measurements of the primary triangles 
from time to time, combined with new 
determinations of the length of the 
base line, will enable the securing of 
valuable and precise information upon 
what, if any, lateral movements may 
be occurring in the earth’s crust in the 
vicinity of East Machias. This work 
will supplement work of similar 
character now being carried on in 
various portions of the world. 

An appropriation has been made for 
the establishment of a permanent 
bench mark near the Institute build- 
ings in Cambridge, in order that 
changes in level of the ground surface 
in this section of Cambridge may be 
accurately determined. The bench 
mark will go to bedrock at a depth 
of more than 100 ft. below the surface, 
and observations will be made on it 
from time to time by students and 
members of the department. 

Reports from the class of 1925, re- 
ceived in the fall of that year, show 
the average compensation of the Civil 
and Sanitary Engineering graduates 
of that class to be $145.00 per month. 

An interesting statistical study giv- 
ing the occupation of graduates of the 
Civil and Sanitary Engineering De- 
partment from the years 1868 to 1925 
was recently made in connection with 
the preparation of a Department 
Bulletin which was published last 
June. The results of this study are 
shown in the following table: 


Occupations of Graduates of the Civil 
and Sanitary Engineering Courses 
Engaged in Professional Engineering, 
In Independent Practice or with 
Engineering Firms .............. 269 
With Federal and State Engineering 
Forces 
Railway Engineering (or Operation) 85 


Structural Engineering .......... 79 
Engineering Teachers ............ 70 
Municipal Engineering .......... 58 
Sanitary Engineering ............ 56 
Highway Engineering ........... 44 


United States Army Engineer Corps 35 
Hydraulic Engineering (General)... 34 


Hydro-Electric Engineering ....... 25 
United States Navy Civil Engineer 
Goa i's See bh es evade cease 
—— 865 
Engaged in Construction Work with 
Contractors and Construction Com- 
panies, Presumably Acting in 
Engineering Capacities .......... 138 
Engaged with Business Firms, Pre- 
sumably Acting in Engineering 
COMMING: 6 ses os visceneely 
— 314 


Engaged in Manufacturing ........ 134 
United States Army or Navy other 
than Engineer Corps ............ 27 
Bankers and Brokers ...::......... 23 
WRONG 2 eS bs eceeauds a 121 
No information available .......... 252 
—— 557 


Total 1736 

It will be noted that of the 1736 
graduates during that time now liv- 
ing, 50% are engaged in professional 
engineering and 12 1-2% are with 
contractors, construction companies, 
and business firms, presumably acting 
in an engineering capacity. These 
figures indicate the tendency of the 
graduates of Civil and Sanitary En- 
gineering to continue, after graduation, 
along the lines taken by them while 
students. 


C. M. Sporrorp 





PROFESSOR E. F. MILLER 


MECHANICAL ENGINEERING 

The Mechanical Engineering De- 
partment has been very active during 
the last few months. New courses of 
instruction, both graduate and under- 
graduate, have been added, new equip- 
ment has been installed and research 
of far reaching importance has been 
carried out. 

The new subjects are four in num- 
ber, two to be given by Prof. R. H. 
Smith and two by Prof Earl Bucking- 
ham. The new subjects given by 
Prof. Smith are for the Senior Class 
students of Mechanical Engineering 
and graduate students of Automobile 
Engineering. These courses, Produc- 
tion Methods and Manufacturing 
Processes are to make students as 


thoroughly familiar as possible with 
the mass production methods used by 
the leading industries. 

There are two other new courses, 
Inspection Methods, 


Course 2.858, 
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30-30 is a study of the principles of 
shop inspection including shop meas- 
urements, measuring instruments and 
gages, tolerances, dimensional stand- 
ardization, calibration of shop stand- 
ards, and analysis of production prob- 
lems by means of measurement, is a 
2d term-4th year Elective. Course 
2.99, Metrology and Dimensional En- 
gineering Standardization, 45-90, in- 
cludes first, a study of fundamental 
units of measure, measuring systems, 
and calibration of standards; second, 
the purpose of measurements in scien- 
tific and research work, engineering 
and general use; third, a study of con- 
ventional measuring instruments, their 
characteristics and methods of calibra- 
tion; fourth, accuracy of measure- 
ments; fifth, analysis of measure- 
ments; sixth, shop measurements and 
analysis by means of measurement; 
seventh, dimensional engineering stand- 
ardization; and eighth, inspection en- 
gineering. It is a Ist term, graduate 
study. Both of these are to be given 
by Prof. Buckingham, who is one of 
the best experts in the country on 
Metrology and Dimensional Engineer- 
ing Standardization. Professor Buck- 
ingham has been since December of 
last year a member of the staff of the 
Mechanical Engineering Department. 

New equipment has been added to 
the Steam Laboratory, Testing Ma- 
terials Laboratory and the Machine 
Tool Laboratory. The Steam Lab- 
oratory has now a representative 
steam engine of each type since the 
installation of a Unaflow Engine. It 
is equipped with a friction brake for 
test purposes. Students in the Steam 
Laboratory may now become familiar 
with the theory and actual operation 
of steam engines of all types. 

The Testing Materials Laboratory 
has received its share of new equip- 
ment. In the Heat Treatment Lab- 
oratory there have been placed a new 
Electric Heat Treating Furnace and 
an Automatic Carbonizing Machine. 
A Motor Generator Set has been in- 
stalled to furnish current allowing ef- 
ficient use of the furnace obtained 
through the courtesy of the General 
Electric Co. The furnace has a tem- 
perature range up through 1800°F and 
has a hearth 15”x15’x24” making it 
suitable for giving instruction in prac- 
tical shop heat treatment, and for ex- 
tended research. The American Gas 
Furnace Company’s Automatic Car- 
bonizing Machine is of sufficient: size 
to allow instruction in _ production 
methods used in commercial work, and 
should be very valuable for research. 
A hand power Hydraulic Pump of 
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10,000 Ibs. per sq. in. capacity has 
been added to the Testing Materials 
Laboratory equipment. ‘This pump 
is mounted in a manner that will al- 
low it to be easily moved to the testing 
machines and will be valuable in gen- 
eral pressure testing and for research 
in problems requiring fluid pressure. 

A small but very practical Ransom 
Concrete Mixer has been added to the 
equipment of the Concrete Labora- 
tory. It will be used in class work 
and will allow the students to gain 
some experience in a practical concrete 
mixing operation. The mixer will be 
used in conjunction with modern 
measuring apparatus including an in- 
undator for sand. It is to be hoped 
that this small unit will be useful in 
general research work in concrete. 


This new feature section we believe 
to be worthy of the cooperation of ail 
of the various departments of the In- 
stitute. We want to present in these 
columns authentic statements signed by 
the department heads rather than the 
garbled ideas of youthful reporters. We 


feel that there is a very real need for 
this type of information and are devot- 
ing a comparatively large amount of 
space to it in this initial attempt in an 
effort to bring it forcibly to our readers’ 
attention. We will appreciate any 
criticisms the presentation make evoke. 





The personal equation has proved 
troublesome in testing cement and 
sand. An instrument has been de- 
vised at the Bureau of Standards that 
will allow all tension Briquettes to be 
fabricated under uniform pressure, re- 
gardless of the person doing the work. 
One of these instruments has been or- 
dered for the Testing Materials Lab- 
oratory and should greatly increase 
the value of student work where the 
personal equation of the inexperienced 
operator introduces very large errors. 
It will also allow any inexperienced 
operator to do much better research 
work. 

A Repeated Stress Testing Machine 
will be added shortly to the Laboratory 
equipment. This machine will be 
used to illustrate the making of repeat- 
ed stress tests, and should be valuable 
for Research work along these lines. 

Research work of great importance 
is being done in the department on the 
influence of elasticity and errors in 
tooth shape on stresses in gears, which 
is being carried out under the direc- 
tion of Professor Buckingham, using 
a Lewis gear testing machine. 


E. F. Miter 
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PROFESSOR S. C. PRESCOTT 


DEPARTMENT OF BIOLOGY 
AND PUBLIC HEALTH 


Professors Prescott, Bunker and 
Slack have, during the summer par- 
ticipated in a cooperative investiga- 
tion of a new process for the treat- 
ment of milk by electricity. The new 
process appears to leave the milk i 

a perfectly normal condition except = 
rh destruction of a large number of 
bacteria including any types of patho- 
genic bacteria which may have gained 
access to it. The other laboratories 
cooperating in this investigation were, 
the Bacteriology Departments of the 
New York State Veterinary College at 
Cornell, and the Michigan State Col- 
lege. Investigations in this subject 
are being continued. 

Dr. R. P. Bigelow spent the summer 
at the Marine Biological Laboratory at 
Woods Hole where he was engaged in 
describing the collection of Stomatopod 
Crustacea made by the Steamer Al- 
batross under the direction of Alexan- 
der Agassiz. These specimens were 
collected in Samoa and other Islands 
of the Southern Pacific a number of 
years ago. 

Professor C. E. Turner has been en- 
gaged to develop a plan for the train- 
ing in Personal Hygiene and Health 
Habits in the public schools of Cleve- 
land. Professor Turner is one of the 
foremost workers in the field of train- 
ing specialists in this particular branch 
of health instruction, and this is the 
first opportunity which has been of- 
fered to anyone to put into effect in 
a community of a million people the 
technique which he has worked out 
experimentally at the Institute and in 
neighboring cities. 

Mr. C. H. Blake is engaged in a 
research on the identification of Crus- 
tacea taken by the Mount Desert 
Biological Survey during the past sum- 
mer. ‘This is a-general survey of the 
marine waters around Mount Desert 
Island, Maine. Mr. Blake’s findings 


may have much economic interest, 














November, 1926 


since among the animals which he is 
studying are found forms which serve 
as food for fish, others which are 
enemies of fish, and still others which 
seem to act as scavengers. 

In Biochemistry special research is 
being carried out by Dr. Anderson, a 
research assistant added to the De- 
partment this year. Important re- 
search is also being done in the field 
of industrial bacteriology and food 
technology. 

S. C. Prescorr 





PROFESSOR C. L. NORTON 


DEPARTMENT OF PHYSICS 

The custom of securing additional 
lecturers from outside the Institute has 
been continued in the Department of 
Physics this year. Among those who 
have recently lectured or who will 
soon come to the Department are Dr. 
H. Weyl, of the Federal Polytechnical 
Institute, Zurich, Switzerland; Dr. C. 
G. Abbott of the Smithsonian Insti- 
tute; Professor A. Joffe of the Uni- 
versity of Leningrad; and Professor 
Bragg of the University of Man- 
chester, England. 

Several changes in methods of in- 
struction in first and second year 
Physics have been made which, it is 
hoped, will increase the efficiency of 
the teaching. ‘There has been a re- 
distribution of the hours devoted to 
lecture and recitation, and a period of 
supervised study has been introduced 
in place of one of the lectures. In the 
first year Mechanics Laboratory, an 
extensive duplication of the apparatus 
has been carried out so that we more 
nearly approach the ideal condition of 
having lectures, recitations and labora- 
tory experiments all devoted to the 
same subjects at the same time. While 
this considerably increases the cost 
of equipment, it makes for efficiency. 
in instruction and economy of staff. 
The notes have been revised and re- 
written by Professors Drisko, Page 
and Young. Special provision has 
now been made for the college transfer 
men of the first and second year which 








THE TECH ENGINEERING NEWS 


enables them to adjust their schedules 
in Physics in line with ours with much 
less lost motion than heretofore. 

Aside from the regular work of in- 
struction and research which has been 
going on steadily in the laboratories, 
considerable new and interesting work 
has been begun. 

Professor Wilkes is carrying on an 
investigation of the thermal conductiv- 
ity of a number of building materials 
which are being widely used in an 
attempt to cut down the heat losses 
from dwellings. An extensive study of 
the thermal conductivity of metals, 
particularly alloy steels is going on. 
The results of these investigations are 
of increasing importance in the design 
of internal combustion engines, econo- 
mizers and air pre-heaters. Recently 
a long investigation of the physical 
properties of refractory substances 
were completed, the results of which 
are being adopted by both manu- 
facturers and users as a basis for 
standard specifications. Further re- 
search along this line for the manu- 
facturers is being planned. An in- 
vestigation of the relation of time, 
temperature, and depth of case harden- 
ing in a gas carbonizing furnace is be- 
ing carried out. A lengthy investiga- 
tion leading to a precise determination 
of the specific heats of refractory ox- 
ides at high temperatures is underway. 

The long investigation carried on by 
Professor C. L. Norton upon the 
physical properties of silica refrac- 
tories has been completed. and the 
results presented at a recent meeting 
of the Physics Colloquium. As a result 
of this work all the large silica plants 
in the country are being converted 
from hand to machine operation with 
a great improvement in the quality of 
the product. 

The laboratory of optics and 
photography has been over-hauled 
during the year to make a much more 
convenient set-up of the experiments 
to provide for additions of apparatus. 
A number of research problems are 
being worked upon by Professor 
Hardy and his associates, the out- 
standing one, the definite measure- 
ments and specification of color. The 
industries producing paper, fabrics, 
oils, paints, candy, etc., require some 
definite standard and specification of 
color. In this connection much funda- 
mental research on photo-electric cells 
as well as methods of amplification of 
feeble currents has been necessary, 
and a spectrophotometer is _ being 
built which will supplant the ordinary 
laborious methods, and substitute for 
them a rapid and precise automatic 


measurement. C. L. Norton 
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am 


has been carried on of a 
theoretical nature relating to the per- 
formance of optical systems in the 


Research 


matter of the amount of light trans- 
mitted through them. Papers bear- 
ing upon this matter have recently been 
printed with a special reference to a 
design of oscillographs and similar 
recording instruments. Professor 
Hardy’s connection with the commit- 
tees of the International Congress of 
Photography has led to the laboratory’s 
engagement to work upon the inter- 
laboratory standardization of sensito- 
metric practice. Some work has been 
done upon the technique of color 
photography with special reference to 
the making of color photo-micro- 
graphs. A method has recently been 
devised for controlling the intensity of 
a small lamp without the use of elec- 
tric measuring instruments. This 
provides a solution to the problem of 
the small photometer and exposure 
meter. 

Systematic instruction is now being 
carried on in the X-ray laboratory to 
students of most of the engineering 
departments, both in radiology and in 
the determination of the X-ray spectra 
of engineering materials. Investiga- 
tions are going on as to the internal 
structure of objects of wood, insulat- 
ing materials, metal castings, forgings, 
welded joints, golf balls, etc. <A 
special high precision ionization spec- 
trometer has been built. An exten- 
sive investigation has been carried on 
to determine the precision with which 
imperfections in density in metals can 
be determined. Extensive study is 
being carried on on the structure of re- 
fractory materials, especially silicates. 
Considerable new equipment has been 
added to the laboratory during the 
year. The work of this laboratory 
will be found described in detail in the 
articles by Professor J. T. Norton ap- 
pearing in the current numbers of The 
Tech Engineering News. 

A spectographic laboratory has been 
started during the year for the special 
study of the ultra-violet absorption 
spectra of organic compounds. It is 
equipped for this purpose with two of 
the latest Hilger quartz spectographs 
including one large Littrow model, 
giving an exceedingly ‘long spectrum. 
The necessary electrical equipment for 
the production of continuous ultra- 
violet light and spark spectra has been 
provided. Dr. Henry DeLaszlo, who 
is in charge of this work, has insti- 
tuted a course in Spectroscopy for 
graduate students. . The principal re- 
search in this laboratory at present is 
undertaken to determine the connec- 

(Continued on page 238) 
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Abstracts from the leading professional and trade journals 


THE BUMSTEAD SUN 
COM PASS 


There are several reasons why a 
magnetic compass is of no use to an 
Arctic flyer. The magnetic compass 
needle is acted on by two forces, that 
of gravity and that of the earth’s mag- 
netic field. The magnetic lines of 
force leave the earth at one point, 
travel through a curved circuit through 
space, and enter the earth at another 
place. At two points on the earth’s 
surface these lines coincide and make 
right angles with the surface of the 
earth. These two places are the mag- 
netic poles.and are quite far removed 
from the geographical poles. 

Since a magnetic compass 
needle is so pivoted that it can 
move only in a_ horizontal 
plane, the horizontal com- 
ponent of the earth’s lines of 
force is the only one that has 
a useful effect on the needle. 
Consequently it can readily 
be seen that at the poles this 
component is zero or nearly 
so because of the angle the 
lines of force make with the 
earth’s surface. In fact a 
plane over the pole has been 
turned completely around and 
the magnetic compass indi- 
cated that it was still travel- 
ing in the same direction. 
Also if the plane of the needle 
is tilted, the force acting on it 
becomes comparatively great 
and causes it to appear that a 
large change in direction has 
taken place. Since it is impossible to 
keep an airplane compass level this 
is a serious difficulty. Another fault 
of the magnetic compass is that it 
is subject to declination which varies 
greatly with the location since the 
earth is not uniformly magnetized. 

The Bumstead Sun compass is so 
designed that it eliminates all of these 
errors and was especially designed for 
the Byrd Polar Expedition. It con- 
sists of a clock with a single hand that 
makes one revolution in twenty-four 
hours. The clock is mounted above a 
compass dial and so arranged that it 
can be inclined at any angle depend- 
ing on the latitude of the place where 
it is used. When the clock is tilted 
at the proper angle the hand follows 
the motion of the sun just as if it were 


held level at the North Pole. A 


shadow pin is mounted on the hand 
so that the pointing may be done 
more correctly and when this is done 
the twelve o’clock mark points, to- 
wards the South. 

The compass dial is so constructed 
that it is free to revolve on the base 
on which there is a lubber line that 
reads against the compass dial the 
direction which it is desired to travel. 
When using this compass, it is neces- 
sary only to set the clock to the ap- 
parent local time, incline it to corre- 
spond with the latitude, set the course 
to be traveled on the compass dial by 
means of the lubber line, and the 
proper course is maintained by steer- 
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THE BUMSTEAD SUN COMPASS 


One of these was used by Byrd in his recent polar flight. 


The clock dial is 2 1/4 inches in diameter. 
ing the plane so that the shadow is 
constantly centered on the clock hand. 
The only correction necessary is the 
one for drift which may be determined 
by using a drift indicator. 


THE FASTEST LIVING THING 
has recently been discovered by Dr. 
Charles H. Townsend, a_ noted 
entomologist, in Brazil. It is called 
the Cephenomyia or in everyday 
language, the deer bot-fly, and is 
found in North and South America 
and in parts of Europe. It travels at 
a sustained speed of 815 miles per 
hour, nearly fourteen miles a minute, 
or four hundred feet per second. 
This is only one half the speed of a 
rifle-bullet, and three times the speed 
of the fastest airplane. Its wings, 
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which constitute about sixty per cent 
of its entire weight, vibrate in all 
probability, several thousand times a 
second, while the best airplane pro. 
pellers rotate at the rate of about 
2,000 r.p.m. One of the strangest 
things about the deer bot-fly is its 
breeding place, in the nostrils of 
deer, elk and antelope, and it is from 
this source that scientists have secured 
most of their specimens for investi- 
gation. 


A STANDARD OF PLANENESS. 
One of the most accurate pieces of 
work that has ever been done is the 
recent manufacture of three disks by 
the Bureau of Standards, 
whose surfaces are so flat that 
at no point do they vary more 
than 1/100th of a light wave- 
length from true planes. 
“Their degree of precision 
may be illustrated by conceiv- 
ing them magnified until the 
disk extends from Washing- 
ton to Chicago. Then, with 
the exception of a narrow 
margin at the edge, no point 
of the magnified surface 
would be out of a plane by 
as much as one inch.” Stand- 
ard plant surfaces have been 
made before out of glass, but 
the change in volume due to 
handling was so great that it 
was impossible to obtain an 
accuracy approaching that 
now obtained. 

The use of disks of fused 
quartz eliminated this difficulty. The 
Bureau of Standards obtained three 
quartz disks from 10 to 11 in. diame- 
ter, and 1 1/2 to 2 in. thick, and had 
them roughed into shape. There the 
disks were ground on each other until 
they were as flat as a straightedge 
would reveal. Then they were pol- 
ished on a layer of pitch, checkered 
with V-shaped furrows, using a sus- 
pension of rouge in water. First a 
high degree of polish was obtained 
without reference to flatness. Second 
they were ground until they were 
plane as far as tests with a glass 
standard would indicate. Finally they 
were ground until, when tested against 
each other, no variation in~ height 
could be determined by any means 
of measurement. 
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THE NEW CATHODE-RAY TUBE 
The black object inside the bulb contains the filament and at 
the right is the nickel window which is three inches 


in diameter 


POWERFUL NEW CATHODE 
RAY TUBE. Dr. W. D. Coolidge, a 
graduate of M. I. T., has again made 
a great advance in science by perfect- 
ing the cathode ray tube which has 
recently been announced to the pub- 
lic. Some of the results that have 
been obtained with this new tube are 
well-nigh magical. 

One of the most startling of these 
results is the effect of the cathode rays 
on acetylene. When a sealed glass 
tube containing acetylene under pres- 
sure was exposed to the rays for a 
short time, a brown powder was de- 
posited on the walls of the tube. No 
solvent has as yet been found for the 
powder, and its chemical composition 
is unknown. 

When a piece of granite is placed 
before the window of the tube, it has 
an iridescent glow. Calcite when 
placed in the stream of cathode rays 
glows as though it were red _ hot, 
although it is cool enough to handle, 
and moreover, it continues to glow for 
several hours after the rays have been 
shut off. Accompanying this glow is 
a succession of bluish white scintilla- 
tions at various points on the-surface 
of the crystal. 

It has the same effect on flesh as a 
large amount of radium. When a 
rabbit’s ear was exposed to a beam of 
the rays for a second, all the hair was 
singed off a small spot, and a scab 
was formed. When this scab had 
healed, a luxuriant growth of white 
hair appeared in its place. Exposure 
of one minute caused a scab to be 
formed on each side of the rabbit’s 
ear. These fell out and left a clean- 
cut hole. No bad effects on the rabbit 
were observed. 

It is this property which will prob- 
ably make it very useful as a substi- 
tute for radium in medicine for such 
purposes as curing cancer. Exposure 
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to the rays for a long 
period would cause 
death, but there need be 
no fear of the instrument 
being used in warfare, as 
the range of the rays is 
not more than a few 
feet. 

In this tube, the 
cathode rays are gen- 
erated by a heated fila- 
ment just as in a mod- 
ern X-ray tube. A nega- 
tive voltage with respect 
to the anode of 350,000 
volts is applied to the 
cathode. This voltage 
causes the electrons com- 
posing the cathode ray to 
travel at a very high 
velocity. These electrons 
cannot pass’ through 
glass, so they do not get outside of an 
erdinary X-ray tube, but in this tube 
Dr. Coolidge has provided a window 
of nickel through which the rays can 
pass comparatively readily. This 
window is three inches in diameter, 
0.0005 in. thick, and is reinforced by 
a grid of molybdenum to withstand 
atmospheric pressure. 


SULPHUR IN A NEW ROLE. 
Sulphur is coming into increased 
prominence as a protection against 
corrosion by acids, due to its inert 
character. Concrete tanks or pipe 
can be impregnated by immersion in 
baths of molten sulphur, and wood 
can be impregnated by forcing the 
sulphur into it under pressure. Elec- 
trolytic cells made of concrete im- 
pregnated with sulphur have been 
used to hold hot solution of ferric and 
ferrous chlorides, without damage to 
the steel reinforcing of the concrete. 
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In many cases reinforcing of the con- 
crete is not necessary, as the sulphur 


itself gives added strength to the 
concrete. 
COLORING CONCRETE WITH 


DYES. 


oped a new process for coloring con- 


In England is being devel- 


crete with organic dyestuffs, instead 
the 
colors or pigments. 


usual earth 
The difficulty of 
dyeing cement lies in the fact that the 


cement itself is a very fine powder and 


of using mineral 


the coloring matter must be ground 
more finely still. If the particles of 
cement are smaller than the coloring 
matter, the cement will cover the sur- 
face of the pigment so that the result- 
ing color is greyish. In order for the 
color to show in its true brilliance the 


pigment must be small enough to 
color the surface of the cement 
particles. 


This problem was solved in a 
simple manner. Instead of mixing 
the cement with water and the pigment 
in the powdered form, they mix it 
with some simple compound of the 
coloring matter. On exposure to 
air, or by other simple treatment, the 
coloring matter is precipitated in a 
very insoluble form upon the cement 
particles. 

The employment in this manner, of 
organic dyes results in colors which 
have great fastness, extend over a 
wide range of shades, and are imper- 
vious to atmospheric effects. This 
has also opened a new and large field 
for the use of dyestuffs. It is con- 
ceivable that in time the production 
of dyes may be increased 100% by 


this process, when the amount of con- 
crete used is considered. 





EFFECT OF THE CATHODE RAY 


Left—A crystal of calcide glowing with cold light several hours after having been exposed to the 


rays from the new tube. 


Right—A magnified view of the surface of the crystal 


showing the bluish white scintillations 

























AN EXPERIMENT 


This month sees a new section 
added to the service pages of The 
Tech Engineering News.  Depart- 


mental Notes has ceased to be a talked 
of editorial policy and has become an 
established fact. However, the degree 
to which it has been established is yet 
to be seen. It is in the nature of an 
experiment. 

We believe that there is a great need 
at Technology for a medium which 
can bring to the mind of the under- 
graduates and the alumni a more or 
less comprehensive picture of what 1s 
actually being done in the higher 
branches of the various departments. 
We know that we are connected with 
a great engineering school. We know 
that this school does each year a tre- 
mendous amount of research work, 
but here our knowledge stops. 

The lower classman is continually 
trying to piece the work he is doing 
up with something of a practical 
nature either to industry or the so- 
called pure sciences. He wants to 
know what is going on ahead of him— 
and he has a right to know. How 
many underclassmen or upperclass- 
men, for that matter, know what their 
own department is doing? And if they 
know so little of their own department, 
how can they hope to know what the 
Institute as a whole is doing? We 
cannot hope, nor do we wish to report 
in detail any particular research in 
this page. We realize that much of 
the work is paid for by private busi- 
ness organizations and that as such, 
it is their property and of a confiden- 
tial nature. What we hope to be able 
to present is a general picture of the 
type of work that is being done, the 
problems solved and the questions 
still ahead, and news of a depart- 
mental nature that should be included, 
such as changes in the curriculum or 
methods of instruction, new apparatus 


that may have been received, and 
news of a similar nature. 
We are often told that we are 


attending, or have attended one of the 
finest engineering schools in the 
world, and that we should be proud 
of it. There isn’t one of us that isn’t 
proud of it—but how many can give 
the reasons for the pride? To the 
faculty and to a lesser degree to the 
alumni, this is a question that can be 
answered without difficulty, but to the 
student the answer to the question 
“Why should we be proud of the 
Institute?” is a bit intangible. 

We hope through our new page to 
help to show one of the answers to 
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this question. How well we succeed 
will depend, in a large measure, upon 
the cooperation of the various depart- 
ments and on the interest of the stu- 
dent body. 


CONSOLIDATING GOVERN- 
MENT PURCHASES 
ficient procurement requires uni- 
form application of approved methods 
of purchase and procurement activi- 


ec 


ties.” This statement, taken from the 
report of the Federal Purchasing 
Board has had its absolute truth 


attested by the unfailing inclusion, in 
American business organization, of a 
Purchasing Department. It has 
proved essential to efficient operation 
of all business of any size, to co- 
ordinate and engineer the necessary 


THE COVER 

The original of the pencil sketch re- 
produced on the cover of this month’s 
TECH ENGINEERING NEWS is by 
Muirhead Bone, and is the second of 
his collection of war sketches to be used 
The gigantic hammer- 
headed crane which last month’s 
cover was drawn is again featured but 
this time from a distance, the perspec- 
tive lending charm to the _ detailed 
harshness of the modern shipyard. 


for this purpose. 


irom 


purchasing activities in such a man- 
ner as to take advantage of special 
discounts for large orders and to an- 
ticipate and turn to advantage fluctua- 
tions of the market. 

The scope of governmental con- 
sumption is so large and its centers 
of consumption are so spread over the 
nation that it might seem, at first 
glance, a difficult task to place its pur- 
chases in the hands of any one organ- 
ization. Yet the Bureau of the Bud- 
get should be congratulated for being 
now in a fair way toward accomplish- 
ing this step which so obviously will 
effect real economies in expenditures 
for supplies. 

At present many of the departments 


have each their own _ purchasing 
agent, who may or may not have a 
staff under him. The method now 


proposed is an expansion of the ex- 
perimental efforts at wholesale pur- 
chasing made last year in gasolene, 
coal, tires and tubes and surgical sup- 
plies. The plan includes the creation 
of a Federal Purchasing Board, com- 
posed of one representative, usually 
the Purchasing Agent, from each de- 
partment and the creation of a revolv- 
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ing fund which will permit concen- 
tration of its vast buying powers in 
consolidated purchasing and entering 
of the markets at seasonal times. 
With the revolving fund available to 
be reimbursed by the departments 
sharing in the purchases, the board 
believes important savings can be 
accomplished. The members of the 
board also serve, in several instances, 
in other coordinating boards. 

If now the plan is sanctioned and 
placed in operation, will it be prac- 
tical? The one serious difficulty like- 
ly to be encountered, which may ren- 
der the plan ineffective is interference 
of politics. The contracts to be let 
will be fewer in number but larger in 
value, and may be considered legiti- 
mate prey by the politician in search 
of votes or of personal graft. Let us 
hope that the new Purchasing Board 
will find it possible to escape the 
traps that are sure to be set for it and 
be rewarded by seeing this method 
work out as it does in private enter- 
prise, effecting substantial savings. 


THE COLLEGE MAN 


A few months ago there appeared 
in the Atlantic Monthly an exceeding- 
ly interesting and competent article 
on the subject “Are College Men 
Wanted.” While it deals more with the 
liberal arts collegian and the business 
world rather than the scientific and 
professional there are many phases of 
the discussion that might profitably be 
taken to heart by our own under- 
graduates that would help them to a 
better understanding of the situations 
they will soon find themselves in. 

Present day literature might seem 
to the casual observer to be filled with 
this type of article. Magazines and 
publishers are all looking for bigger 
men to write for them on the genera! 
topic of the college man. The idea is 
not new and many of the students dis- 
miss such an article with a superior 
wave of the hand and the short word 
“trite.” Nevertheless the mere fact 
that the subject is being discussed is 
a healthy sign. The difficulty in itself 
is not new, it is the recognition of the 
difficulty that is the advance. The 
first step in the solution of a problem 
is the appreciation of that problem 
and a discussion of the factors in- 
volved. Let the college man _ not 
neglect his opportunity and his re- 
sponsibility to bring about a better 
understanding between himself and 
the non-college world. 
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¥— triple-threat man 


E keeps them guessing, does the back, 
because when he gets the ball he can pass, 
kick or run—a triple threat. 

Men preparing for industry or commerce can 
put themselves in an equally strategic position. 
It all gets back to the simple idea of being 
broad and versatile. 

An engineer should be well up on his specialty, 
of course, but he should also keep an open 
mind for questions of finance, law and public 
relations—if he aspires to a high place in the 
councils of his organization. 

Such ‘‘all-aroundness’’ typifies in particular 
men who have brought the electrical com- 
munication industry to what it is today, and 
who will carry it to still greater development 


in the vears to come. 


Western Electric Company 


Makers of the Nation’s Telephones 





Number 62 of a Series 
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Here and There 





; nteresting notes from the Editors desk 


MORE WOMEN NEEDED 

Several years ago while the Keokuk 
dam was being constructed by Stone 
and Webster there were a good many 
Tech graduates on the job in various 
capacities. Soon after their arrival 
these knights of the transit succeeded 
in finding themselves sweethearts in 
the vicinity. The result was that 
when the dam was completed and the 
men left a shortage of marriageable 
women was discovered. The man 
who told us the story reports that if 
the local swains had not banded to- 
gether and imported women from the 
surrounding towns Keokuk would 
have been faced with a return of in- 
nocuous desuetude—so complete had 
been the triumph of Technology. Of 
course, the only conclusion to be drawn 
is that the Institute turns out just 
as pro- and ee- ficient lovers as it does 
engineers, and that an electromagnet 
is not the only attractive thing on 
earth. 





WORSE THAN MEDIEVAL 
TORTURE 

“Poison gas is the worst instrument 
of warfare ever devised” expound the 
misinformed. “Any country who 
would allow its use against their ene- 
mies is as uncivilized as the Spaniards 
were in the time of the Inquisition”. 
Observations in regard to the matter 
show us that this statement is false 
and that poison gas is the most humane 
of all instruments of warfare, if any 
could be called humane. 

During the past War, we find in 
The Military Engineer that only two 
per cent of the men put out of the 
War by poison gas actually died, 
whereas twenty-four per cent of 
casualties caused by other weapons 
resulted in death. In other words, 
poison gas killed only a twelfth as 
many as guns and bayonets did, tak- 
ing the percentage of an equal number 
of casualties in each, (score up one for 
poison gas). 

Then there were 754 men blinded 
in one or both eyes from war weapons 
during the War. Of this number, gas 
was responsible for but 29 cases, or 3.8 
per cent, while other weapons were 
responsible for 96.2 per cent. 

Astounding as it may appear, war 
weapons, other than gas were respon- 
sible for all the permanently crippled. 
There was not a case where gas per- 
manently crippled any soldier. 


There were one and a half times as 
many cases of tuberculosis per thous- 
and occurring among soldiers who were 
not gassed in France than there were 
among those gassed. Apparently, this 
would indicate that poison gas acted 
as a preventive against tuberculosis. 

The above summary of the facts 
indicate that if the humanity of any 
war weapon is to be gauged by the 
amount of suffering it causes at the 
time of injury, and the degree of per- 
manent disability, and the remote ef- 
fects resulting from wounds caused by 
this weapon, poison gas is the most 
humane of them all. Get gassed, 
young man, get gassed! 


TOY BALLOONS 

Speaking of real “go-getters”— 
here is what the toy balloon salesmen 
have done to drum up business. They 
have got the Bureau of Plant Industry 
of the Department of Agriculture fill- 
ing their toy balloons with hydrogen, 
tagging them, and releasing them in 
wheat growing states where much 
trouble is being caused by the spread 
of black stem rust of the wheat. 

The tags explain the purpose of the 
balloon and contain a request for each 
finder to fill out the blanks and return 
the tag. Secondary to the great in- 
crease in the toy balloon industry 
which will undoubtedly arise from this 
new found use, it is hoped that enough 
of the balloons will be found and tags 
returned to yield data to estimate 
the direction and distance the rust 
spores may have been carried by the 
wind. 


CRUEL TRICK 

From Time comes an account of 
“one of the cruelest tricks one civilized 
being could well play upon another. 
It was a letter left by the late Professor 
Paul Kammerer, famed biologist, who 
ascended a small hill near Vienna last 
month and shot himself. For a year 
the scientific world had reverberated 
with Professor Kammerer’s report that, 
by experiment upon frogs, he had 
proved to his immensely critical satis- 
faction that acquired characteristics, 
such as the loss of an arm, blotches on 
the skin, could be passed from one 
generation to another. It was con- 
trary to all previous observations on 
the transference of physical charac- 
teristics and Professor Kammerer was 
hailed by some as brilliant genius, by 
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others as deluded fool. Dr. G. K. 
Noble of the American Museum of 
Natural History examined Professor 
Kammerer’s depositions and’in an ar- 
ticle for Nature (British Monthly) 
drew the lenient conclusion that some- 
one may have tampered with Dr. 
Kammerer’s specimens. In particu- 
lar, certain dark spots on some of the 
frogs might have been produced, not 
by inheritance, but by injecting a dark 
fluid under the skin, perhaps India 
ink. When he saw this suggestion, 
Dr. Kammerer, who had lately been 
offered charge of a new government 
laboratory in Russia and whose sui- 
cide was to be a shock and a mystery 
to the many scientists that had long 
held him in high esteem, investigated 
at once. 

“All the facts are true,’ said Dr. 
Kammerer’s last letter, referring to 
Dr. Noble’s article. Assistants, per- 
haps malicious, perhaps longing to see 
their master pleased, had tampered 
with the frogs. “The work of my whole 
life has been destroyed’.” 


CHEESY MUSIC 


It is part of the process in finishing 
phonograph records to make a copper 
plate of the sound impressions by an 
electrolytic method. According to Dr. 
William Blum, Chemist of the U. S. 
Bureau of Standards, there was much 
glee in one of the electroplating com- 
panies when an increase in hardness 
was noticed in these disks. Naturally 
an effort was made to find out the 
reason. An analysis of the plating 
bath revealed the presence of organic 
matter. 

At a complete loss to explain the 
presence of any foreign matter in their 
electrolytes used for depositing copper 
electrically, a careful inquiry developed 
the fact that an Italian laborer had 
playfully flipped a piece of cheese at 
a fellow worker, the cheese missing its 
mark and falling into the tank where 
the metallic disks containing phono- 
graphic records were being deposited. 
The phonograph company found that 
the hardening effect was due to the 
casein in the cheese, which material 
they therefore have continued to add 
to their solutions. The increased 
hardness of. the copper allows a con- 
siderable saving because more records 
can be stamped in molten wax from 


the harder disks. 
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Progression 


—the union of.... 
energy, service, Vision 








HE chemist’s insatiable zeal encour- 

aged by the far-seeing vision of the 
du Pont Company has made the famous 
du Pont Oval the insignia of more efh- 
cient, more economical and safer explo- 
sives. Requirements are anticipated and 
thenecessary explosives provided always 
ahead of the actual demand. Wherever 
du Pont explosives are used, there you 
will find du Pont field men observing, 
counselling, and frequently supervising 
the blasting work. 


The du Pont ‘‘oval’’ signifies efficiency, 
economy and satisfaction whenever 
there is need for explosives. 


“‘The Blasters’ Handbook’’ is an authoritative 
work on the selection and application of explos- 
sives to industrial operations. Leading technical 
institutions throughout the country have placed 
this Handbook in the hands of their instructors 
and students. You need this handbook. Write for 
it NOW! It’s FREE. 
























E. I. DU PONT DE NEMOURS & CO., Inc. 
Explosives Department 
WILMINGTON, DELAWARE 





125 YEARS OF LEADERSHIP IN THE SERVICE OF INDUSTRY 
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Professional Notes 





Activities of the U nder graduate Engineering Soctettes of the Massachusetts 


AERONAUTICAL ENGINEER- 
ING SOCIETY 


With a membership more promising 
than ever before, the Aeronautical 
Engineering Society started its year 
with an afternoon talk by Major 
Lester D. Gardner on Monday, 
October 25th, at 4:00 P.M. Although 
that hour of the day was a busy one, 
there was a large number present, and 
all were very much interested in Mr. 
Gardner’s entrancing description of 
his European Tour by air. 

Last summer he flew over 21,000 
miles by air over the continents of 
Europe, Asia, and Africa. This was 
largely done in regular commercial 
planes flying on schedule, and extend- 


ing to such far off cities as Casa- 
blanca, Constantinople, Moscow, and 
Stockholm. Mrs. Gardner accom- 


panied him on most of the flights and 
is an enthusiastic booster of air travel. 
A part of his flight was made possible 
through the courtesy of the Royal 
Air Force which transported him from 
Alexandria and Cairo, across the 
Arabian Desert to Babylon, Nineveh, 
and the Iraq region, and then flew him 
back over the Holy Land. During 
all this traveling, some of which was 
done by night, not a single forced 
landing was “encountered, and he was 
only delayed in his schedule once, and 
then only long enough to procure more 
gasoline. 

Mr. Gardner illustrated his talk 
with slides depicting the work and the 
actual flight of the Imperial Airways 
between London and Paris. There 
was a long informal discussion held 
after the meeting, during which Mr. 
Gardner answered many of the ques- 
tions that have been raised by Amer- 
icans concerning the real status of 
European Aviation. | 

On Thursday, October 28th, a 
number of the members of the Aero 
Society attended the luncheon at the 
Chamber of Commerce to hear Mr. 


Anthony H. G. Fokker speak, and 
two tables were reserved for them 
néar the front. 

extensive of 


A very program 
smokers is planned for the winter, and 
several trips to nearby establishments 
of aeronautical interest are being 
arranged. Dr. Von Carmen, to speak 
on gliders, and Captain Stevens of the 
Army to describe the Rice Expedition 
by plane up the Amazon, are among 


the first. FRANKLIN T. Kent 
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Institute of Technology 


CIVIL ENGINEERING SOCIETY 

On October 20, the M. I. T. Student 
Chapter of the American Society of 
Civil Engineers participated in a joint 
meeting sponsored by the Boston 
Society of Civil Engineers. The lec- 
ture was attended by more than one 
hundred members of the M. I. T. 
Chapter. 

The Society’s program for the year 
will consist of lectures on each of the 
following subjects pertaining to the 
profession: 

Highway Engineering 
Hydro-Electric Engineering 
City Designing and Planning 
Building Construction and 


Sanitary Engineering 
The officers intend to procure 
movies for at least one of the 


smokers. It is hoped that activities 
along Civil Engineering lines around 
Boston will afford us an opportunity 
to make one or two trips. Plans call 
for a banquet about the middle of 
May. 

The members of the M. I. T. Chap- 
ter have been invited by the Affiliated 
Technical Societies of Boston to use 
their library and reading rooms located 
in Room 715, Tremont Temple, Bos- 
ton. Civil Society members are also 
extended the privilege of attending all 


of the Societies’ meetings. 
Every month the Society receives 


copies of Part II Proceedings of the 
American Society of Civil Engineers, 
which will be distributed to its mem- 
bers. For the interest of the Seniors 
it is timely to know that Employment 
Bulletins .given thru the courtesy of 
the A. S. C. E. will be placed in their 
hands, beginning early in April. 

The membership campaign resulted 
very favorably and the goal of (250) 
members will be reached before Nov. 
Ist. It is hoped that eligible men, 
not members, will try and join, as it 
depends upon their cooperation 
whether the Technology Chapter is 
first of the Student Chapters in the 
Nation. 


—_—_ 


CORPORATION XV 
The activities of Corporation XV 
for the ensuing year promise much in 
the line of educational value and the 
development of a good fellowship 
among its members. Officers and 
directors have been elected as fol- 


lows: President, Charles C. Smith, ’27; 
Secretary, Alden G. Reed, ’27; Treas- 
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urer, Alf K. Burle, ’27; Senior Direc- 
tors: Thomas F. Russell, ’27, Richard 
P. Dixon, ’27, Colin A. MacDonald, 
°27; +Junior ‘Directors: Charles E. 
Richheimer, ’28, Howard W. Miller, 
°28, Marcus W. Keyes, ’28. 

The first of a series of Dinner 
Meetings was held in the Walker Grill 
Room on Friday, October 29, 1926, 
and proved to be an excellent i impetus 
for the program of events for the 
year. Dr. Davis R. Dewey, head of 
Course XV, gave an interesting and 
humorous retrospection of the activi- 
ties of Corporation XV since its in- 
corporation in 1921. Needless to say 
his talk was received with the same 
spirit of fondness which always greets 
Dr. Dewey whenever he is among the 
students. From the outside field, 
Mr. Edwin C. Johnson, President of 
the H. A. Johnson Company, gave an 
address on the essential characteristics 
of a successful business man as they 
appear to him after an extensive ex- 
perience in business. He spoke of 
Honesty, the development of imagina- 
tion, the ability to think, self analysis, 
and the utilization of prayer and re- 
ligious affiliations as a means of main- 
taining harmonious relationships in 
the business world. 

ApEn G. ReEep, ’27 

Secretary. 


ELECTRICAL ENGINEERING 
SOCIETY 


Meetings twice a month are being 
held by the M. I. T. Branch of the 
American Institute of Electrical En- 
gineers this year. In addition to the 
regular monthly meetings or trips as 
in previous years, members of the M. 
I. T. Branch have been invited to par- 
ticipate in the meetings of the Boston 
Section A. I. E. E. In this manner, 
the student group will be able to hear 
speakers whom they otherwise could 
not secure. 

An inspection trip to the new auto- 
matic station of the Edison Electric 
Illuminating Company of Boston on 
Cambridge Street opened the 1926-27 
season on October 18. The meeting 
began in ‘Gilbert Hall, Tremont 
Temple, where a buffet supper was 
served. Descriptions of features of 
the station were given by Edison en- 
gineers after which adjournment was 
made to the station. By simulating 
line conditions of increasing and de- 

(Continued on page 242) 
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THIS VIEW SHOWS 









testing unit of the High Pressure 
Steam Testing Laboratory of the 
Consolidated Safety Valve Company, 
Bridgeport. An actual test is being made 
of one of the drum valves for the 
1200-Ib. boiler installed at the 
Weymouth Station of the Edison 
Electric Illuminating Co. of Boston. 
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STANDARDIZED SAFETY VALVES 


For High Pressures 


OWER PLANT engineers are turning to higher 

steam pressure as a means of economy in pro- 
ducing cheaper power. From 300 lIbs., the highest 
pressure generally used a few years ago, has come the 
remarkable advance to 400, then to 600, 700, and 
finally to 1200 Ibs. per square inch. 


Consolidated Safety Valves tested upon the new 
1200-lb. Steam Testing Laboratory of The Consoli- 
dated Safety Valve Co. have been installed, or are 
being furnished, for practically all of the higher pres- 
sure stations such as the following: 


Form DSA Valves for stations carrying approxi- 
mately 400-lb. pressure as follows: 
The Trenton Channel Station of The 
Detroit Edison Co. 


The Richmond Station of the 
Philadelphia Electric Co. 


The Avon Station of the Cleveland 


Electric Illuminating Co. 


The 14th Street Station of the 
New York Edison Co. 


The Spencer, North Carolina, Station 
of the Southern Power Co. 
Form DSB Valves for stations carrying approxi- 
mately 600-Ib. pressure as follows: 
The Philo Station of the Ohio 
Power Co. 


The Crawford Avenue Station of the 
Commonwealth Edison Co. 


The Twin Branch Station of the 
Michigan & Indiana Electric Co. 


The Miami Fort Station of the Columbia 
Power Co. 

Form DSC Valves for the Stanton Power Station 
of the American Gas & Electric Co., carrying ap- 
proximately 700 Ibs. 

Form DSC Valves for the Weymouth Station of 
the Boston Edison Company, carrying approximate- 
ly 1200 Ibs. 

These installations are the best proof that Con- 
solidated Safety Valves for high pressures have 
passed through the development stage and are being 
furnished to the trade as a standardized product. 


Manning, Maxwell & Moore, Inc. 
100 East 42nd St., New York 


Branches 
Birmingham Chicago Philade!phia Seattle 
Boston Cleveland Pittsburgh St. Louis 
Buffalo Detroit San Francisco Syracuse 


BRIDGEPORT WORKS—CONSOLIDATED SAFETY VALVE CO. 
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them will close most of the entrance 
to the two parts of a waterway. The 
top of each opening will be closed by 
special sealing sections which can be 
removed easily when it is desired to 
fill a scroll case with water, thus bal- 
ancing the pressure on both sides of 
the main panels before they are 
removed. 

The waterway openings through the 
headworks section for the four future 
units will be closed by steel stop log 
sections similar in design to the sec- 
tional head gates. These stop logs 
are, however, made in smaller sec- 
tions as this will be the last section 
through which the river will be passed 
and the stop logs must be placed while 
water is passing through the openings. 

As each water wheel will require 
about 5300 sec. ft. of water for full 
generator load at 89 ft. head, a wide 
bell mouth entrance will be provided 
for the waterways to insure satisfac- 
tory hydraulic conditions for the in- 
take with the head loss at the entrance 
reduced to a minimum. ‘The area of 
this entrance is about 1900 sq. ft. and 
to close this area with two or three 
gates of any developed type would 
require gates of a very large size un- 
der the pressure they would have to 
resist. Consequently, difficulty would 
be experienced in obtaining an ade- 
quate seal against leakage and the 
operating mechanism required would 
be expensive and the operation slow. 

After a thorough study of the dif- 
ferent types of gates it was decided 
that the most practicable to suit the 
conditions would be vertical shaft, 
circular type, butterfly valves, located 
at the entrance to the scroll case. At 
this point the area to close is only 
about 570 sq. ft. and the perimeter to 
be made tight is only about 85 ft. for 
the circular gate as compared to an 
area of 1900 sq. ft. and a perimeter 
of 350 ft. for rectangular gates at the 
entrance to the waterway. 

These butterfly valves will be 27 
ft. in diameter and the wickets and 
housings will be made of cast steel. 
The vertical load from the wicket of 
each valve will be carried on a thrust 
bearing located below the valve and 
the upper half of the valve housing 
will be designed so that it may be re- 
moved by a power station crane and 
the wicket removed in case of an 
emergency. The valves are designed 
to open or close in about five minutes, 
and may be closed with the maximum 
flow through the turbine. In the 
closed position the wicket will stand 
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at right angles to the line of flow and 
the valve will be sealed after closing 
by admitting water pressure to a 3 in. 
diameter rubber tube set in the inside 
face of the valve housing opposite the 
periphery of the valve wicket. Based 
on shop tests of this sealing device 
the leakage through these large valves 
will be negligible. The valves will be 
operated by oil pressure in 40 in. 
diameter operating cylinders and sup- 
plied from a central pressure oil 
system, 

These valves will be the largest ever 
built, the largest previous. installation 
being the 23’-6” diameter valves used 
at Niagara Falls. The sealing device 
will be the same for all valves as will 
the design of the bearings, operating 
mechanism and renewable parts, the 
two manufacturers having co-operated 
to make such parts of both the water 
wheels and butterfly valves alike and 
interchangeable. 

The two station service units will 
also be provided with motor operated 
butterfly valves which will be 6 ft. in 
diameter. 

Each main unit will consist of a 
40,000 k.v.a. 13,800 volt, 3 phase, 60 
cycle, vertical generator, directly 
connected to a water wheel designed 
to have a capacity of 54,000 h.p. at 
full gate and 50,000 h.p. at the point 
of best efficiency when operating at 
81.8 r.p.m. under the average net 
head of 89 ft. 

Each station service unit will con- 
sist of a 1600 k.v.a. 460 volt, 3 phase, 
60 cycle, vertical shaft generator, 
direct connected to a 1900 h.p. 360 
r.p.m. 89 ft. head water wheel unit. 
These water wheel units will be of the 
single runner Francis reaction type, 
equipped with plate steel scroll cases 
and oil relay governors of the torsion 
shaft type. 

Each main generator will be 37 ft. 
in diameter and will be _ provided 
with a direct connected 715 k.v.a. 
auxiliary a.c. generator and a small 
direct connected exciter for the auxili- 
ary generator. A separate motor 
generator set driven by power from 
the auxiliary generator will supply 
the excitation current for the main 
generator. 

Each generator will have a steady 
bearing above and one below the 
rotor and the weight of the rotating 
elements, together with the hydraulic 
thrust of the water wheel will be car- 
ried by a thrust bearing on top of the 
generator. These bearings will all be 
oil lubricated, the oil being circulated 
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to the bearings by an oil pump driven 
directly by gears from the shaft. The 
thrust bearings on the units furnished 
by the General Electric Company 
will be of the spring type, while the 
thrust bearings on the Westinghouse 
generators will be of the Kingsbury 
type. 

The guaranteed efficiency of the 
main generators will be in excess of 
97% at rated capacity. 

The water wheel units will be of the 
single runner Francis reaction type, 
with actuator type governors and 
plate steel scroll cases and will be the 
largest units in physical dimensions 
built to date. 

It is expected that these water 
wheel units will have a maximum effi- 
ciency of at least 93%. Each runner 
will have a maximum diameter of 
17'-9”, will be of cast steel, cast in not 
more than four parts and when com- 
pletely assembled will weigh about 
240,000 Ibs. 

The steady bearing for each water 
wheel unit will be of the water lubri- 
cated lignum vite type. This ‘bearing 
will be adjustable so that it may be 
easily lined up and tightened after it 
has become worn. 

Plate steel scroll cases will be used 
because of their greater economy 
when compared to concrete which 
would require heavy reinforcing in the 
substructure and very expensive form 
work. The plate steel scroll cases 
will also reduce greatly the danger of 
leakage and permit the use of much 
thinner concrete sections. 

The shaft for each main unit will 
be of forged steel about 36 in. in 
diameter with top and bottom flanges 
forged integrally with it. 

Each main unit will have a struc- 
tural steel pit liner and generator 
support attached to the top of the 
speed ring and designed to carry the 
entire weight of the generator, the 
thrust bearing load and the adjacent 
floor loads to the speed ring. The 
steel support was decided upon as it 
would be difficult to design a concrete 
foundation for the generator in the 
space available to- transfer the enor- 
mous load to the speed ring, through 
which it must be carried to the sub- 
structure foundation. 

The governors for the main units 
will be of the oil pressure relay 
actuator type with governor flyballs 
mechanically driven from the main 
shaft of the water wheel. For each 
pair of units, there will be an inter- 

(Continued on page 244) 
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Granite Lives Forever— 








m= Avenue 





New York 


is now being paved with 


Granite Blocks 


What is good enough for Fifth Avenue... 
should be good enough for Main Street. 


If you have any doubts, read ‘‘Granite Street 
Construction.” 







Mfers. Assoc. of the U.S., Inc. 


Boston, Mass. 


Granite Paving Block 
31 State Street 


Representing the World’s Greatest Granite Quarries 
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tion betveen the chemical constitution 
and absorption of radiant energy with 
particular reference to cases of isomer- 
ism in the benzene and naphthalene 
series. 

To the equipment of the general 
spectroscopic laboratory has _ been 
added a large Geneva universal spec- 
troscope and comparator with com- 
plete sets of quartz and glass prisms. 
A small Steinheil quartz spectrograph 
and a larger one from Hilger, have 
made it possible to begin systematic 
undergraduate instruction and grad- 
uate research in this laboratory. A 
study y Doctors Allis, Muller and 
Frank upon the Lichtenberg figures, 
and a series of investigations by Dr. 
Muller on the coagulation of colloids 
and of the catapheretic colloids are un- 
der way. Dr. Muller ts also carrying 
on work in connection with the 
activity coefficient of small ions. 

C. L. Norton 


(Continued next month) 
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X-Ray Spectroscopy 


(Continued from page 217) 


ured in the following way: The so- 
called general or continuous radiat-on 
given off by an ordinary X-ray tube 
is composed of a wide range of wave- 
lengths whose intensity is sensibly 
the same or at least varies in a con- 
tinuous fashion. If this general ra- 
diation is resolved by a rotating crystal 
and recorded photographically it will 
appear as a general blackening spread 
out on the film. If, however, an 
absorbing screen of a certain element 
is placed in the path of this beam, 
the general radiation of wavelengths 
shorter than that of its characteristic 
absorption value will be much more 
strongly absorbed than those wave- 
lengths which are longer than this 
value, and the blackening of the film 
at this point will undergo a very sud- 
den change in intensity. Since every 
point on the film corresponds to a 
definite wavelength value, the wave- 
length of the absorption edge may be 
determined from its position. Such 
an absorption edge is plainly shown in 
Figure 2. Each element has a definite 
absorption wavelength corresponding 


Sales Offices 


Chicago NewYork Boston Cleveland Worcester Philadelphia Pittsburgh Buffalo Detroit Cincinnati Baltimore 
Oklahoma City Birmingham Memphis Dallas Atlanta Denver Salt Lake City 
Export Representative: U.S. Steel Products Co., New York 
Pacific Coast Representative: U.S. Steel Products Company, San Francisco, Los Angeles, Portland, Seattle 


automobile and airplane wires, 
electrical wires,submarinecables, 
bridge-building cables, wire rope, 
telegraph and telephone wire, ra- 
dio wire, round wire, flat wire, 
star-shaped and all different kinds of shapes of wire, sheet wire, piano 
wire, pipe organ wire, wire hoops, barbed wire, woven wire fences, 
wire gates, wire fence posts, trolley wire and rail bonds, poultry net- 
ting, wire springs, concrete reinforcing wire mesh, nails, staples, tacks, 
spikes, bale ties, steel wire strips, wire-rope aerial tramways. Illus- 
trated story of how steel and wire is made, also illustrated books 
describing uses of all the above wires sent free. 


AMERICAN STEEL & WIRE 


to it, and the change as one passes 
from element to element is very simi- 
lar to that of the emission wavelengths. 

For an analysis of this sort, the 
sample may have a number of differ- 
ent forms. Thin sheets of various 
sorts may be used placed over the 
slit of the spectrograph, but the thick- 
ness should not be great enough to 
reduce the intensity of the beam to a 
very great extent. Powders of vari- 
ous sorts may be mixed with suitable 
binders, and spread in thin layers on 
cards. Filter paper may be saturated 
with solutions, dried and placed in the 
path of the beam.---Even liquids: and 
gases placed in thin walled containers 
may be used provided their absorption 
is sufficient. It is evident that this 
method is much more versatile and 
more simple than the preceding one 
because no special type of X-ray tube 
is necessary, but it is not as sensitive 
in the way of indicating the presence 
of very small quantities of an element. 
The absorption method has the pos- 
sibility of being developed in a quan- 

(Continued on page 240) 
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N 1881 Jenkins Valves 
were well-established 
with a record of service to 
industry for over 16 years. 













The fact that Jenkins Bros. 
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SPLICING MATERIALS 
Make Dependable Joints 


OKONITE tape is an unvulcanized rubber compound in 
tape form for insulating cable splices or joints. Joints 
properly made with OKONITE are impervious to mois- 
ture and are as strong as or stronger electrically and 
mechanically than the insulated wire itself. 


MANSON tape is a true friction tape having adhesive 
and weathering qualities far superior to any other com- 
mercial tape. 

DUNDEE “A” isa high quality friction tape excelled 
only by MANSON. 

DUNDEE “B” is a good medium grade friction tape 
at a competitive price. 
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titative way by measuring the relative 
amounts of blackening on the two 
sides of the absorption edge, and 
comparing with similar films of known 
proportions. The blackening of the 
film is determined quantitatively by 
a densitometer. 

The type of problem to which 
these spectral methods may be ap- 
plied will be quite evident from the 
details of the methods themselves, but 
perhaps mention should be made of 
what is perhaps the most outstanding 
success in the case of the emission 
spectra. In the search for some of the 
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missing elements of the periodic sys- 
tem, chemical analytical methods were 
often difficult because so little was 
known of the properties of these new 
bodies. It was possible, however, 
from theoretical considerations to 
predict the wavelengths of the emis- 
sion lines in the X-ray spectra very 
accurately. In at least two cases the 
X-ray spectra disclosed the predicted 
lines of the element for which search 
was being made. Other applications 
would be in the cases of the study of 
small quantities of alloy materials 
special steel, the analysis, of very in- 
soluble substances, identification of 
small quantities of the more rare ele- 
ments whose methods of chemical 
analysis have not been developed, and 
many others which will suggest them- 
selves. 

In the two methods just considered 
a more or less heterogeneous beam of 
X-rays has been analyzed by a crystal 
of known constants. In the method 
of diffraction to be described, the in- 
verse process is employed, a beam of a 
single known wavelength being used 
to determine the spacings of the vari- 
ous atomic planes of a crystal. The 
principle is essentially the same. A 
particular wavelength will be reflected 
from the cleavage face of a crystal at 
an angle which depends upon the dis- 
tance apart of the atomic planes 
parallel to this cleavage face. If the 
spectrograph previously described is 
used, and the various faces of a crystal 
are presented in turn at the proper 
angle for reflection, the reflected beam 
will make its record on the film at the 
corresponding angles, and a line will 
appear for each value of the planar 
spacing. Thus each line of this so- 
called diffraction pattern will corre- 
spond ta some definite distance between 
atoms in the crystal. Because each 
family of atomic planes has to make 
exactly the correct: angle with the 
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X-ray beam in order to reflect at all, 
it is common practice to use the 
crystalline sample in a fine grained 
form with the grains in a random or 
chaotic arrangement so that there will 
be at least a few representatives of 
every possible family of planes making 
the correct angle and all of the re- 
flected beams will appear simultane- 
ously. This is known as the method 
of the powdered crystal, and an ex- 
ample of such a diffraction pattern is 
shown in Figure 4. 

The relative positions: and intensi- 
ties of the lines of the diffraction pat- 
terns is characteristic of the way in 
which the atoms are arranged rather 
than of the atoms themselves, and 
hence the method is useful in study- 
ing a definite class of problems deal- 
ing with regularly arranged groups of 
atoms, and these substances are known 
as crystalline. They form a_ very 
great portion of our useful materials, 
and the subject is one of considerable 
importance. By comparing diffrac- 
tion patterns of pure standard sub- 
stances with the unknown pattern, 
identification is possible. Not only is 
the arrangement determined, but be- 
cause of the actual values of the spac- 
ings, the nature of the substance also, 
and so far, no two substances have 
been found which have exactly the 
same diffraction patterns. 

There are numerous ways in which 
the samples may be prepared for 
examination by the diffraction meth- 
od. Perhaps the most common 
method is to grind the sample in a 
very fine form and mount in a fine, 
thin walled glass tube. Often the 
tube is divided and a standard sample 
placed in one-half so that the known 
and the unknown may be compared 
on the same film. Metal samples may 
be powdered, but are frequently used 
in their natural fine grained form in 

(Continued on page 246) 
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A SUGGESTION FOR YOUR 
THESIS OR FOR OTHER 
INDEPENDENT RESEARCH 


PAX, Perhaps no branch of mining appeals to 
we the imagination as much as blasting. The 
mere mention of dynamite will usually 





of this tha are always fascinating to the student. 


But because of the many subjects that must be covered 
in an engineering course, it is seldom possible to in- 
clude a comprehensive course in Explosives Engi- 
neering. Until a short time ago the importance of this 
branch of engineering was not recognized. Blasting 
was carried on by blasters without the direction of 
engineers. 
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to move material with explosives efficiently. It is 
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this branch of engineering when you enter upon the 
active practice of your profession. 
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other illustrations. 
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creasing load, the engineers were able 
to demonstrate the control of the 
motor-generator set through the auto- 
matic apparatus. 

Artificial lightning and high voltage 
A. C. discharges were produced at the 
laboratory of the Simplex Wire and 
Cable Company for the Society during 
its trip to the company’s plant on 
November 2. Insulator flashovers and 
needle point discharges at over half 
a million volts were shown. 

“New Landmarks in Electrical Com- 
munication” will be the topic of a lec- 
ture at a meeting of the Section to be 
held in Tremont Temple, November 
16. In this talk Mr. Paul B. Findley 
of the Bell Telephone Laboratories 
will discuss the difference in point of 
view between the power engineer and 
the telephone engineer. Mr. Findley 
will give demonstrations by means of 
a phonograph to illustrate his points. 
He will also show the new motion pic- 
ture film “The Magic of Communica- 
tion”. 

The Regional Student Branch Con- 
vention will be held in Pittsfield, Mass. 
on May 27, 1927. Papers selected by 
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competition will be delivered there. 
As these Student papers will be eligible 
for the National and Regional “Best 
Branch Paper Prizes” of $100 and $25, 
it is hoped that many of the 175 mem- 
bers of the M. I. T. Branch will com- 
pete. 


MINING SOCIETY 

The Society’s first meeting of the 
year was held Wednesday, October 
27, at 6:30 P.M. in the New Univer- 
sity Club. It was the annual joint 
meeting and dinner of the Boston sec- 
tion A.I.M.M.E. with the affiliated 
student societies of Harvard, Tufts 
and Tech. There were fifteen mem- 
bers of the Tech society present. 

Prof. Hayward, Chairman of the 
Boston Section A.I.M.M.E., presided 
at the meeting which was held direct- 
ly after the dinner. The presidents 
of the several student societies gave 
short addresses after which Prof. 
Richards and several members of the 
3oston section spoke a few words. 

The principal speakers were Mr. 
Taylor, president of the A.I.M.M.E., 


and Mr. Baine, secretary of the 
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A.I.M.M.E. Mr. Taylor has had long 
and varied experience in the iron and 
steel industry and is one of the trus- 
tees of the University of Pittsburgh. 
Mr. Baine has had wide experience as 
a consulting Mining Engineer and 
was at one time Director of the U. S. 
Bureau of Mines. 

In his talk, Mr. Taylor spoke of 
the many problems met with in the 
teaching of students to be engineers. 
He expressed himself as not favoring 
any extension in the length of college 
courses required for engineers, be- 
cause he believes that since the aver- 
age engineering student does not know 
what he will do after graduation, it is 
better to get only the fundamentals 
of engineering at college and get the 
details on the job. 

Mr. Baine spoke on the subject of 
“Holding a Job.” He advised that 
the young engineer should get as wide 
and varied an experience at first as 
possible since this would aid him when 
he later came to take a more perma- 
nent place in some organization. He 
said that the engineer should avoid 
getting the idea of being just a job 
holder. 
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All-iron clamp gate 
valve, extensively used 
in oil and gas fields and 
plants and all classesof 
manufacturing plants. 





What Crane owes its engineers 


Crane Co. is proud of the con- 
tribution ofitsengineers totheir 
profession. Their tests, experi- 
ments and inventions have car- 
ried valves froma primitive state 
to a high degree of perfection, 
serving virtually every branch 
of engineering and industry. 
Their investigations into the re- 
actions of metals under varied, 
exacting conditions have en- 
abled Crane to be sure of valves 
and fittings uniform in tensile 
strength, insuring that Crane 
equipment will stand up under 
the tasks and conditions for 
which they are recommended. 
In the practice of your profes- 
sion, we hope that you too will 
find cause to be grateful to 
Crane engineers for making 
possible such dependability. 


CRANE 


Address all inquiries to Crane Co., Chicago 
GENERAL OFFICES: CRANE BUILDING, 836 S. MICHIGAN AVENUE, CHICAGO 
Branches and Sales Offices in One Hundred and Fifty-five Cities 
National Exhibit Rooms: Chicago, New York, Atlantic City, San Francisco and Montreal 
Works: Chicago, Bridgeport, Birmingham, Chattanooga, Trenton, Montreal and St.Johns, Que. 
CRANE EXPORT CORPORATION: NEW YORK, SAN FRANCISCO, MEXICO CITY, HAVANA 
CRANE LIMITED: CRANE BUILDING, 386 BEAVER HALL SQUARE, MONTREAL 
CRANE-BENNETT, LTD., LONDON 
C2 CRANE: PARIS, BRUSSELS 
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Steel Sheets that Resist Rust! 


The destructive enemy of sheet metal is rust. 
It is successfully combated by the use of pro- 
tective coatings, or by scientific alloying to re- 
sist corrosion. Well made steel alloyed with 
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connected oil pressure system having 
duplicate oil pumps, a single pressure 
tank and two sump tanks. 

To renew the oil for the governors 
and oil bearings of the units, there 
will be a central oil storage and puri- 
fication system. 

The draft tubes for each make of 
water wheel will be built in accord- 
ance with the design of their respec- 
tive manufacturer. The Cramp units 
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will have tubes of the Moody spread- 
ing type with a concrete cone extend- 
ing from the bottom at Elev.-14.5 ft. 
to the hub of the runner. The Allis- 
Chalmers’ units will be equipped with 
the White Hydraucone type of draft 
tubes with a bottom level at Elev. 
—18.5 ft. The bottom of the outlet 
ends of the draft tubes for all units 
will be at the same elevation. 

The substructure over the draft 
tube of each unit will be supported by 
five cast steel stay vanes which each 
manufacturer is furnishing for the 
units he supplies. Downstream from 
this circle of stay vanes the draft tube 
will be divided into two parts by a 
central bearing wall of reinforced 
concrete. 

The low setting of the water wheels 
relative to the tailwater level, required 
for the protection of the runners 
against pitting, makes it necessary to 
provide guides for stop logs at the 
outlet of the draft tubes to keep out 
the tailwater when a unit is unwatered 
for inspection or repairs. A set of 
structural steel stop logs sufficient to 
close off the outlet from one main unit 
draft tube will be supplied. These 


«stop logs will be handled by a small 
“pantry crane operating on a runway 
es } 
¥*along the downstream face of- the 


power station. 

The power station building will 
have a massive reinforced concrete 
substructure and a steel skeleton re- 
inforced concrete superstructure. The 
main generator room which will be on 
the downstream side will be about 71 
ft. wide by 66 ft. clear height and 620 
ft. long, for the initial development. 
At the shore end of this room will be 
a large dismantling space for repair 
work on the main equipment. Next 
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to this space will be the two station 
service units, arranged at right angles 
to the main axis of the room. The 
main units will be spaced 72 ft. cen- 
ter to center along the axis of the 
room. The main floor of the room 
will be at Elev. 46.0 ft. with a gallery 
along the upstream side of the room 
and around each generator at Elev. 
60.0 ft. The motor generator exciters 
for the main units will be located on 
this latter gallery between the main 
units. The governors and the gen- 
erator rheostats, as well as the butter- 
fly operating mechanisms, will be 
located on the main floor at Elev. 46.0 
ft. The generator room will be 
equipped with two electric traveling 
cranes, each having a main hoist of 
150 tons capacity and an auxiliary 
hoist of 25 tons capacity mounted on 
the same trolley. 

Upstream from the generator room 
will be the electrical bay, which will 
be about 31 feet wide. .This bay will 
house the low tension bus and break- 
ers, station service and lighting trans- 
formers and feed regulators, the bat- 
tery rooms and the main and station 
service control rooms. The main step- 
up transformers will be located on the 
roof of the electrical bay between the 
control rooms. There will be a bank 
of three 26,667 kva. transformers for 
each two main units. The 220 kv. 
circuit breakers, as well as the high 
tension bus and switching structure, 
will be located on the roof of the gen- 
erator room. 

Upstream from the generator room, 
at the shore end of the electrical bay, 
will be a six-story office bay 32 ft. 
wide by 90 ft. long. The main en- 
trance to this office building will be at 

(Continued on page 246) 
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ERE are substitutes for almost everything, 
but there is no substitute for I-T-E Cir- 
cuit Breakers. 


I-T-E Circuit Breakers are so widely used 
throughout the industries because they give just 
such protection to electrical equipment. You will 
find them on the switchboards in a multitude of 
power plants—in steel mills—in machine shops— 
in great modern hotels—in department stores— 
on battleships—everywhere on land or sea where 
absolute safety against electric short-circuits and 
overloads is demanded. 


There is nothing like 1-T-E Protection. It is 
reliable—it is positive—it is complete. If your 
Circuit Breakers have the I-T-E trademark on 
them you know they will perform the duty they 
are intended to perform—every day—every year— 
without fail—and with practically no upkeep. 
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Conowingo 


(Continued from page 244) 
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the top floor, which will be at the 
grade of the highway on the dam. 
The building will be equipped with a 
combined freight and passenger ele- 
vator with a capacity of 2500 lbs. or 
fifteen people. 

All design and construction opera- 
tions are under the supervision of Dr. 
W. C. L. Eglin, Vice President and 
Chief Engineer of The Philadelphia 
Electric Company. Contract for the 
design and construction of the dam 
and power house was awarded to 
Stone & Webster, Inc., who have 
associated with themselves in the con- 
struction work of the dam The 
Arundel Corporation of Baltimore. 
Day & Zimmerman, Inc., have been 
awarded the contract for the design 
and construction of the transmission 
lines and for the switching station, 
located on the roof of the power house. 

Construction work started on the 
project early in March, 1926, and it 
is expected that the initial installation 
will be completed so that power from 
Conowingo will be available to help 
carry the peak load of The Philadel- 
phia Electric Company’s system in 
December, 1928. 





wharf, same to be 650’ long, now 

under construction for the Lynn 
Gas & Electric Co., at 

Lynn, Mass. 





View showing construction of oak pile 
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the shape of wire, thin sheet or a 
specially shaped, thin edged specimen. 
Powder may also be used when com- 
pressed into rods or mixed with a 
non-crystalline binder and made into 
filaments of one form or another. The 
apparatus while similar to the simple 
spectrograph in principle, has taken 
on many forms depending upon the 
particular type of work anticipated. 
One instrument, designed for more or 
less routine work is capable of mak- 
ing patterns of sixteen samples at 
once, and as the exposures are quite 
long (15-30 hours) this means a con- 
siderable saving of time as well as 
increasing the effective life of the 
tube. 

The X-ray diffraction method of 
identification has many applications 
in all scientific fields. In the case 
of metallurgy, for instance, the method 
is useful in the study of mixtures and 
solutions in the solid state, the exist- 
ence of intermetallic compounds and 
question of allotropic forms. In 
geology and mineralogy also, allotropy 
is very important. The diffraction 
method seems to be very well suited 


for the investigation of ores and 
minerals, and many of the less com- 
mon minerals can be readily identified 
in this way. In some cases even the 
well-known substances fail to be recog- 
nized by ordinary methods. Figure 4 
shows the diffraction pattern of a 
sample of supposed marcasite on the 
same film as a standard sample of 
pyrite. It will be observed that the 
agreement is perfect. Since the pat- 
terns of true marcasite and true pyrite 
are not at all similar, there is only one 
conclusion to draw. This is a typical 
example. 

From the preceding description, it 
is evident that the X-ray methods are 
capable of furnishing a very funda- 
mental means of identifying substances 
of various kinds and of making this 
identification, not only from the atomic 
point of view, but also by indicating 
the way in which the atoms are ar- 
ranged with respect to one another. 
The methods as yet are in their in- 
fancy, as compared with most of the 
better known ones, but they will be 
developed as fast as they become nec- 
essary, and it seems as if we may ex- 
pect great things of them in the future. 
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| The Final Cost 


It is not altogether the cost of fuel, but the cost 
of using it that tells the final story in your ledger. 


One firm reports a 28% reduction in heat cost, 
for one process, through using gas. 


Another firm has increased its productive 
capacity 6.4%. 

Still another is saving at the rate of $40,143.40 
a year. 

Thousands of similar cases might be cited. 

But the important thing to you is: what will 
gas do in your plant? 


Our interesting book, “Gas—The Ideal Factory 
Fuel”, may help you to find the answer. Write 
for a copy today. 



















Four Advantages of Gas 


Dependable— Economical— 
any time, any place, any lowest final cost per unit 
quantity. of production. 
Controllable— Clean— 
exact temperatures, auto- comfortable factory work- 
matically controlled. ing conditions. 


American Gas Association 
342 Madison Avenue, New York City 
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Hydro-Electric 


(Continued from page 221) 


The layout in Fig. 5 is a further 
elaboration in that double high ten- 
sion buses and two oil circuit break- 
ers per circuit are used. This will 
present greater flexibility under oper- 
ating conditions than shown in Fig. 4. 
Also provision is made for low ten- 
sion parallel operation and reactances 
are shown located between each gen- 
erator terminal and the synchronizing 
bus. This layout would apply to a 
large system where a high degree of 
service assurance and operating flexi- 
bility are warranted. 








Engineers and contractors know that 
BUFF performance is accurate and sure— 
on all sorts of work, from running 
location lines to giving “neat lines” on 
important bridgework—without having 
to adjust the transit once. 


Write for the BUFF Catalog No. 20M 


Buff & Buff Mfg. Co. 


Jamaica Plain, Mass. 
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The Engineer in Exports 


(Continued from page 215) 


markets frequently depend upon the 
character of technical service rendered 
by the seller, and competition is slow- 
ly but surely making this a major 
issue. The highly specialized “ex- 
pert,” because of his narrowness, and 
often because of his stubborn adher- 
ence to set ideas, does not meet the 
situation adequately, and is giving 
way to the more broadly trained 
“engineer.” 

Prospects for the engineer in for- 
eign trade are by no means limited to 
technical lines. All around us in this 
country we find technically trained 
men successfully engaged in commer- 
cial and financial pursuits remotely or 
not at all related to their original pro- 
fession. ‘The thorough grounding 
fundamentals and __ straight-thinking 
habits which are practically forced 
upon the engineer in the course of 
his training have been found applica- 
ble to a wide range of other problems. 
In dealing with the varied and novel 
questions which are continually crop- 
ping up in the pursuit of foreign 
business, the man who has engineer- 
ing training in addition to the required 
qualifications of aggressiveness, tact, 
and adaptability will find his special 
qualification a distinct asset, whether 
or not he is directly concerned with 
engineering work. 

As to the matter of which technical 
courses provide the best fundamental 
training for prospective export engin- 
eers or salesmen, those including a 
fairly large proportion of general and 
commercial subjects will be found of 
most practical value. While it is possi- 
ble to carry on business operations in 
practically all parts of the world by 
use of the English language alone, 
there are many large fields where 
knowledge of other languages will be 
found a valuable asset. The languages 
ranking next to English in general use- 
fulness throughout the world are 





Trade-Mark Registered U. S. Patent Office 


Made of extra quality cotton yarn, carefully inspected, and aran 

finish. The colored spots are our trade-mark, eae only with this oi 6 ae 

We make braided cord of all sizes, kinds, and colors, for all purposes, including sash cord, clothes lines, trolley 

cord, signal cord, arc lamp cord, and many s»ecial cords for special purposes. ‘ 
CATALOGUE AND SAMPLES GLADLY SENT ON REQUEST 


Spanish, French, German, and Italian 
—in the order named. 

Regarding the possibilities for ad- 
vancement and return to the United 
States after a term of service abroad, 
the various exporting firms differ so 
widely in policy that a general state- 
ment on this matter would be entirely 
inadequate. The usual term of for- 
eign service ranges from two to five 
years, with a home leave of six months 
to one year for each term. With 
those firms having permanent field 
organizations the chances are that a 
man once established abroad will: be 
continued in the field staff for several 
terms. The better organized com- 
panies have an age limit at which the 
foreign representative may retire on 
part pay—the limit usually being be- 
tween forty and fifty years of age. As 
exporters come to realize that home 
trained men are not fully equipped to 
handle foreign business there will un- 
doubtedly be more and more oppor- 
tunities for field men to step up into 
executive positions in their home of- 
fices. There is a visible tendency 
this direction at the present time. 


Future Prospects 


Indications point to a steady growth 
of American export trade. Asia, con- 
taining approximately one half of the 
world’s population, offers a potential 
market of enormous proportions; Rus- 
sia shows signs of giving up the old 
policy of equal destitution for all and 
taking a new hold on life, with the 
aid of imported machinery ‘and mate- 
rials; the possibilities in markets al- 
ready developed are by no means 
exhausted. Our production and ship- 
ping facilities are already going con- 
cerns, and experience proves that the 
American exporter who knows his 
business and works at it seriously can 
hold his own against the strongest of 
foreign competitors. American export 
business is certainly going ahead and 
offers the engineer those opportunities 
which go with a young and growing 
industry. 
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Au “good intentions 

won’ tpaveamodern 
street to resist modern traffic. 
That job demands tough, husky, 


durable vitrified paving brick. 


Just tuck these two facts away 
in the back of your mind for use 
after graduation—first, that no 
brick pavement ever wore out 
from the top down; second, 
that the great majority of all the 
pavements you know that are 
older then you are, are of vitri- 
fied brick. Don’t let yourself be 
talked into substitutes — insist 
on vitrified brick pavements. 


A complete handbook, “THE 
CONSTRUCTION OF BRICK 
PAVEMENTS,” free on request. 


NATIONAL PAVING BRICK 
MANUFACTURERS ASSOCIATION 
ENGINEERS BLDG. CLEVELAND, OHIO 
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tools can win the 
good mechanic’s confidence 


T takes a long time to win the good me- 
chanic’s confidence in tools. It takes a long 
record of dependability and hard, steady serviceto 
maintain their confidence after it is won. Brown 
& Sharpe Tools have held the confidence of good 
mechanics all over the world for more than three 
generations. 

Many men have praised the fine finish and the 
balance or “feel” of Brown & Sharpe Tools. All 
will swear by their constant unerring accuracy. 
As a group, mechanical men find the complete 
line dependable,—handy tools for better and 


faster work. Pate a4 aay 
. bd | : 4 { hee 
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SIP PELELE 


choose, a knowledge of Brown & Sharpe Tools | oe mer itt 


LPREEPEL 


will be of value. A request will 
bring the No. 
30 Small Tool 
Catalog which, 
in addition to 


listing 2300 <8 ; em, 7 | use BARCLAY-VESEY BUILDING 
tools and 1500 NEW YORK TELEPHONE CO. 
McKenzie, Voorhees & Gmelin, Architects 
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November, 1926 





Cc. R. HANNA 


“ce EVER heard of station CRH”’’, 

N you’ll say. Quite naturally, for 
CRH is not a station. CRH is Clinton R. 
Hanna, age 27, out of Purdue less than five 


years, a Research Engineer with Westing- 
house at East Pittsburgh. 


Any time you’ re listening to your radio, 
however, you may be getting better re- 
ception, a clearer program, because of 
CRH and the improvements in reproduc- 
ing apparatus to which he contributed. 


That story goes back to undergraduate 
days at Lafayette. Hanna, as a student, 
developed an intense interest in radio; and, 
making capital out of his hobby, his thesis 
was entitled, ‘‘Interrupter Type of Radio 
Transmitter.’” 


To carry on his experiments, it was 
logical that Hanna should find his way into 
the Westinghouse Graduate Stents’ 
Course immediately after graduation. There 
he received varied practical shop training. 
Then, in less than a year, he was busily at 
work on his favored radio subject at the 


Westinghouse Research Laboratories. 


One of his accomplishments has been 
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( “What's the future with a 


large organization?” That 
is what college men want to know, 
first of all. The question is best 
answered by the accomplishments 
of others with similar training 
and like opportunities. This is 
one of a series of advertisements 






portraying the progress at West- 
inghouse of typical college grad- 
uates, off the campus some five 
—eight—ten years. 








the development of an improved micro- 
phone. He has introduced the electro- 
dynamic principle, in place of the 
condenser-transmitter type of microphone 


in earlier use. Hanna’s development 


Westinghouse 












assures good quality of speech and music 
with greater continuity of operation than 
other types, because of its ruggedness and 


sensitivity. 


For this inventive spirit and its result in 
microphones, Hanna’s alma mater in 1926 
honored him with a degree of Electrical 
Engineer to go with his Bachelor of Science 
degree of four years earlier. 


And these are studies which still go on. 
There is no end to progress. It is because 
Westinghouse offers both facilities and ap- 
preciation for practical study that Research 
Engineers find satisfying careers in the 
Company’s laboratories. 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


Ze 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers 
Courses, each of four years’ duration, in Civil, Mechanical, Electrical and Aero- 
nautical Engineering; Naval Architecture and Marine Engineering; Mining En- 
gineering and Metallurgy and Geology; Architecture and Architectural Engin- 
eering; Chemistry, Chemical Engineering and Electrochemical Engineering; 
Biology and Public Health and Sanitary and Municipal Engineering; Mathe- 
matics, Physics, General Science and General Engineering; and in Engineering 
Administration. These Courses lead to the degree of Bachelor of Science. 













To be admitted to the first year class applicants must have attained the age 
of seventeen years, and must satisfactorily fulfill entrance requirements in Alge- 
bra, Plane and Solid Geometry, Trigonometry, Physics, Chemistry, English, 
History and French or German and two units of elective subjects. Examina- 
tions are required in all subjects except Chemistry, History and the electives, the 
requirements for which are fulfilled by the presentation of satisfactory certifi- 
cates. A division of these entrance subjects between different examination 
periods is permitted. 


Entrance examinations are held at the Institute in September. In June 
applicants will be examined by the College Entrance Examination Board in 
Boston, New York, Philadelphia, Chicago and many other cities in America 
and Europe. A circular stating times and places is issued in advance by the 
College Board. 


Graduates of colleges and scientific schools of collegiate grade, and in gen- 
eral all applicants presenting satisfactory certificates showing work done at an- 
other college corresponding to at least one year’s work at the Institute, are ad- 
mitted, without examination, to such advanced standing as is warranted by 
their previous training. 




















Graduate courses leading, to the degrees of Master of Science, Master in 
Architecture, Doctor of Philosophy, Doctor of Science and Doctor of Public 
Health are also offered. Special Research Laboratories of Physical Chemistry, 
Organic Chemistry, Applied Chemistry and Science have been established. 











Correspondence should be addressed to the Institute of Technology. 





PUBLICATIONS 


Catalogue; Bulletins of General Information, Summer Session, and 
Graduate Study and Research; and the Report of the President and the 
‘Treasurer. 


Any of the above named publications will be mailed free on application. 













For information, address 
ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE 39, MASS. 
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The Sidewalks 
of New York 


AVE become for most of us 

that very short space be- 
tween going up and going down. 
We do not travel much on the 
surface these days. If our minds 
were a reflection of our trip 
through a modern city, we should 
be at once the most profound and 
the most ethereal race in the 
world. 


The escalator and elevator carry 
us from the subway to the sur- 
face, from the surface to the ele- 
vated subway. The baggage hoist 
lifts our trunks from level to level. 
We enter a building and mount to 
the fiftieth story. Indeed, we have 
almost abandoned the horizontal, 
and the force of gravity seems 
just a bit old fashioned. The 
Otis ElevatorCompany has placed 
at our disposal an entirely new 
direction. 


Tue Oris ELEvator must accept a great deal of the responsibility for the crowd- 
ing of New York's sidewalks in the congested district. This seems fancifu! but 
nevertheless it is true. Newspapers and magazines continually deplore the in- 
creasingly over-crowded condition of these sidewalks, due to the ever-increasing 
height of buildings. If it were not for the developments in the elevator industry 
made by the Oris Elevator Company as a pioneer, it would not have been pos- 
sible to erect buildings of the stupendous heights which are now in vogue. It is 
the high speed Gearless Elevator, now culminating in the 800 ft. speed auto- 
matic signal control elevator, which has made the fiftieth floor almost as avail- 
able in point of time as the twentieth floor, and that has, therefore, made it 
feasible to pile office on office high into the air. 
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Upon great generators 
which send out current to 
light the homes and carry 
the burdens of millions, you 
will find the G-E monogram. 
Upon industrial motors, on 
electric railway trains— 
wherever quality and un- 
failing performance are first 
essentials—the G-E mono- 
gram will be found. 


A series of G-E advertise- 
ments showing what elec- 
tricity is doing in many 
fields will be sent on request. 
Ask for booklet GEK-1. 


NERA 


At Forty 


“At Forty” the housewife in some sections 
of Europe wears a black bonnet to signify 
the end of her youth. A quaint custom—you 
say—but it usually signifies a fact. Heavy 
tasks, indoors and out, have made her old— 
at forty. 


Of all the uses of electricity in America, the 
most important are those which release the 
woman from physical drudgery. Electricity 
carries water, washes clothes, cleans carpets, 
cooks the family’s food—better and quicker 
than could be done by hand. 


A trip to town or an hour’s rest in the after- 
noon pays a woman dividends in good health 
“at forty years.” And what is youth but that? 


Men and women who have had the benefit 
of college training and college life have 
learned to place the proper value upon rest 
and recreation. They appreciate the relief 
afforded by electricity. 





